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FACTORS INFLUENCING WATERFOWL CENSUSES IN THE 
PARKLANDS, ALBERTA, CANADA 


Kenneth L. Diem and K. H. Lu 


Department of Zoology and Physiology, University of Wyoming, Laramie; 
Statistical Laboratory, Utah State University, Logan 


Some 2 million United States hunters 
spend an estimated 119 million dollars an- 
nually for the enjoyment of hunting water- 
fowl. Proper management of this resource 
requires reasonably accurate information 
about the size and composition of waterfowl 
populations, particularly that of the fall 
flight available for harvest. Various census 
methods and the varied interpretation of 
census data have been and are controversial 
subjects. This investigation was conducted 
for the purpose of evaluating census pro- 
cedures. 

Any accurate determination of numbers 
of waterfowl requires basic investigations of 
numerous factors such as the habits and ac- 
tivities of waterfowl, the geographical lo- 
cation and topography of the area to be cen- 
sused, weather conditions, seasonal vegeta- 
tion developments, and the variability in 
aptitude of census personnel. These factors 
may act independently or they may interact. 
Pure enumerations of waterfowl popula- 
tions, with no regard for factors inducing 
variation in the enumerations, are of rela- 
tively little value in waterfowl management. 
The problem is very aptly stated by Costello 
(1957): 


Nature is not simple and the proper interpreta- 
tion of her processes is not simple. . . . Oversimpli- 
fication leads to poor interpretation and poor 
interpretation leads to poor management. 


Today we are still confronted with the 
same three census problems recognized 20 
years ago by Lack (1937). First, census ef- 
forts are too often unproductive because 
census takers have been unaware of associ- 
ated ecological problems. Second, censuses 


made on artificial or small local areas have 
been used too frequently on large natural 
areas where they are not applicable. Third, 
little or no successful effort has been made 
to evaluate the widely varied habitat differ- 
ences encountered in an extensive game 
census. 

Large-scale censuses had their beginning 
with the extensive ground counts conducted 
by Burns (1901). With the construction of 
road networks, new census methods were 
developed. The roadside census was pion- 
neered in Oklahoma by Nice (1921, 1922). 
Numerous modifications have been devel- 
oped from her early work for adapting the 
roadside census to specific upland game 
birds, big game animals, and waterfowl. 

With the advent of the airplane, a new 
approach to censusing was available. As 
early as 1933, Salmon and Lockley were 
using aerial photographs to census various 
water birds in England. Aerial censusing of 
the Canadian waterfowl breeding popula- 
tions has been conducted since 1948. 

To obtain the greatest accuracy possible 
in all game censuses, various activity pat- 
terns of the animal being censused must be 
considered. To correct for this variation, 
periods of greatest and least activity must be 
determined. In song birds, Palmgren (1949) 
found that periods of song display, egg lay- 
ing and nest building were greatest in the 
early morning hours. During his study of 
the gadwall, Hammond (1941) found that 
hens returned to the nest about 7 or 8 a.m. 
and left the nest to rest during early- to mid- 
afternoon hours. While studying the guille- 
mot, Soumalainen (1939) and Koskimies 
(1949) found that the population counts be- 
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tween 5 and 6 a.m. were greatest and may 
be 10 times as high as counts made between 
2 and 3 p.m. They also found that the vari- 
ations of the velvet scoter and red-breasted 
merganser populations showed no regular 
correlation with any time period. In a pheas- 
ant study, Fisher, et al. (1947) were unable 
to establish a definite time of day pattern 
when pheasants could be observed in great- 
est numbers. Kozicky (1952) found, on the 
other hand, that time of day did influence 
the results of pheasant crowing counts. Win- 
ner (1959) reported that black and mallard 
duck afternoon feeding flights in Ohio were 
not correlated with time of day, mean daily 
temperature, or light intensity. Variations 
in these data emphasize the importance of 
investigating the time of day influence on 
waterfowl censuses. 

Certain weather conditions influence wa- 
terfowl movements and activity. Few ef- 
forts to measure these influences and their 
interactions have been successful. In pheas- 
ant census studies, more birds were seen on 
days having dewfalls ( Randall and Bennett, 
1939; Stiles and Hendrickson, 1946; Fisher, 
et al., 1947; and Kozicky, 1952). In contrast, 
McClure (1945) stated that there is no evi- 
dence that weather conditions influenced 
activity of pheasants in Nebraska. In her 
studies on waterfowl, Miskimen (1955) 
found that migratory waterfowl activity was 
greatest on those days when skies were over- 
cast rather than when clear. She suggested 
the daily feeding and resting cycle was reg- 
ulated by light intensity: there was greater 
correlation with light intensity than with 
the hour at which the various activities oc- 
curred. Hochbaum (1955) and Bellrose 
(1957) suggested that migratory waterfowl 
movements may be influenced by the move- 
ment of high and low pressure weather sys- 
tems. Weather obviously appears to play 
an important role in the variation and ac- 
curacy of waterfowl censuses. 

Large-scale breeding population censuses 
of birds cannot be carried out for every spe- 
cies. As Nicholson (1931) stated, they are 
best adapted to the birds which are particu- 
larly conspicuous and restricted to particu- 
lar habitat areas. 


In their creel census investigation, Ney. 
hold and Lu (1957) clearly defined the jp. 
stantaneous census and the progressive cep. 
sus. Most of the censuses of waterfow] pop- 
ulations have a beginning and an end sep- 
arated by considerable periods of time 
which immediately places them in the pro. 
gressive census group. 

We are particularly indebted to Allen G. 
Smith, Biologist, U.S. Fish and Wildlife 
Service, who was responsible for the incep- 
tion of this investigation. His suggestions, as- 
sistance and encouragement given through- 
out the study were invaluable. Special ap. 
reciation is due: J. B. Low, Leader, Utah 
Cooperative Wildlife Research Unit, for his 
encouragement and counsel in all phases of 
the study; Roger Schmitke and John Stelfox, 
Alberta Game Branch, whose diligent field 
work made this study possible; G. H. Jensen, 
Flyway Biologist, U.S. Fish and Widllife 
Service, for piloting during the aerial cen- 
suses; Clarence Cottam, Director, Welder 
Wildlife Foundation; Walter F. Crissey, 
Staff Specialist, U.S. Fish and Wildlife Serv- 
ice; George Kelker, Utah State University 
and Louis A. Krumholz, Editor, Wildlife 
Monographs, for their critical advice; and 
Lenore L. Diem, for her encouragement and 
assistance in preparation of the manuscript. 
To the Alberta Game Branch, the National 
Wildlife Federation, the Society of the 
Sigma Xi, the U.S. Fish and Wildlife Service 
and the Utah State University, without 
whose financial aid this project could not 
have been completed, our sincerest thanks. 


DESCRIPTION OF THE AREA 


The Lousana area is located 30 miles 
east of Red Deer and 10 miles south of Del- 
burne, Alberta, Canada. The physical char- 
acteristics of this study area are typical of 
about one-third of the parklands of Alberta, 
Canada. The area is morainal and thought 
to be the terminus of the Kansan Ice Sheet 
(Warren, 1937). These morainal deposits 
have formed the basins within which nv- 
merous potholes are found. Except where 
the terrain is sharply rolling, the soils are 
black, fertile and highly arable. 

This region receives an average annual 








prec 
70 | 
twe 


lanc 
rece 
forn 
mul 
wes 
den 
pric 
ben 
(Be 
con 
mal 
sis ) 


in t 
fest 
cree 
less 
wat 
and 
gar 
nan 


on | 
dan 
blu 


sca 


wit 








iles 
el- 


lar- 
| of 
rta, 
ght 
eet 
sits 
nu- 
ere 
are 


ual 








WATERFOWL Census Factors IN ALBERTA—Diem and Lu 115 


precipitation of 18 inches. Approximately 
70 percent of this precipitation occurs be- 
tween April and August. 

On the study area, the invasion of grass- 
land by aspen is considered to be relatively 
recent. The major plants of this parkland 
formation are aspen poplar (Populus tre- 
muloides ), beaked willow (Salix bebbiana), 
western snowberry (Symphoricarpos occi- 
dentalis), buffaloberry (Shepardia argentea), 
prickly rose (Rosa acicularis ), Saskatoon 
berry (Amelanchier alnifolia), blue gramma 
(Bouteloua gracilis), spear-grass (Stipa 
comata), June-grass (Koeleria cristata), 
marsh reed-grass (Calamagrostis canaden- 
sis), and rough hair-grass (Agrostis scabra). 

The major emergents or aquatic plants 
in the potholes are spangle top (Fluminea 
festucacea ), beaked sedge (Carex rostrata ), 
creeping spike rush (Eleocharis palustris ), 
lesser duck weed (Lemna minor), spiked 
water milfoil (Myriophyllum exalbescens ), 
and greater bladderwort (Utricularia vul- 
garis). All common and scientific plant 
names were taken from Budd (1952). 

The major species of waterfowl present 
on the study area, in order of general abun- 
dance, are mallard (Anas platyrhynchos), 
blue-winged teal (Anas discors), lesser 
scaup (Aythya affinis), baldpate (Mareca 
americana), pintail (Anas acuta), green- 
winged teal (Anas carolinensis), redhead 
(Aythya americana), gadwall (Anas strep- 
era), canvasback (Aythya valisineria), ruddy 
duck (Oxyura jamaicensis ), and bufflehead 
(Bucephala albeola). All common and sci- 
entific names of birds were taken from the 
A.O.U. check-list (1957). 

The study area was a rectangular, %-mile 
strip on each side of a road, and 29 miles 
long (Fig. 1). The north and west sides 
were more hilly and wooded than the east 
and south sides of the rectangle. The latter 
two sides were more devoted to grain crops 
and open pasture land than the former. This 
variation was deliberately utilized, since it 
was felt that the study area then represented 
the varied habitat encountered in this park- 
land country. During this investigation, the 
number of potholes on the study area fluc- 
tuated between 54 and 58 per square mile. 


Eighty-two percent of the ponds ranged be- 
tween 1 and 5 acres in size (Smith, 1956a). 


METHODS AND PROCEDURE 


Evaluation of breeding-ground censuses 
requires a classification of factors which 
jointly influence productivity and census 
techniques. Separation of these interre- 
lated factors necessitated the use of special 
field and statistical methods. For a more 
detailed account of the following methods 
and procedure, the reader is referred to 
Diem (1958). 

The factors influencing censusing were 
classed either as seasonal or as daily factors 
( “seasonal” applies here to the 4 or 5 periods 
when censuses were conducted between 
May and August). Seasonal factors include: 
(1) waterfowl characteristics, i.e., breeding, 
nesting, and brooding behavior, and (2) sea- 
sonal vegetative developments. The daily 
factors are: (1) human error, (2) time of 
day, and (3) weather conditions at the time 
of the census. 

Data were collected for two phases of the 
reproductive cycle, the breeding season and 
the brooding season. Intensive field work 
was conducted in 1955 and 1956. In 1957, 
only field data pertaining to certain specific 
problems of the previous 2 years’ work were 
collected. 

The three most abundant species (mal- 
lard, blue-winged teal, and scaup) were 
emphasized in the analysis. However, in 
1956 the classification of the majority of the 
waterfowl species into four behavior groups 
provided an additional sampling device. 
These arbitrary separations were (1) “sed- 
entary puddlers” (gadwall, blue-winged 
teal, and green-winged teal), (2) “motile 
puddlers” (mallard, pintail, and baldpate), 
(3) “sedentary divers” (ruddy duck and 
lesser scaup ), and (4) “motile divers” (red- 
head, canvasback, and bufflehead ). 

The census program was conducted in the 
following order: (1) ground beat-out cen- 
susing requiring 2 to 5 days for completion, 
(2) aerial censusing consisting of 1 or 2 runs 
concurrent with ground beat-out censuses, 
(3) roadside censusing requiring 4 days for 
completion, and (4) selected pothole group 
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heat-out censuses requiring 4 days for com- 

pletion ( conducted in 1956 only). This pro- 
in was repeated 4 times during each 
summer. Information on the breeding popu- 
lation was gathered during three censuses 
while that for the brood population was 
gathered during two of the censuses. The 
third census was simultaneously conducted 
as a combination breeding population and 
brood population census. The senior author 
and two assistants, one each year, conducted 
all ground censuses during the course of 
the study. 


Ground Beat-out Census 


The beat-out census was a ground count 
of the number of waterfowl present on 
Strips 1 and 3 (Figs. 1 and 2). The time 
required to complete a beat-out census 
limited this type census to these two strips. 
The first breeding population census re- 
quired 2 days while the last brood census 
took 5 days to complete. Two men con- 
ducted this census by walking around each 
pothole, clapping their hands and/or beat- 
ing the vegetation. 

A behavior characteristic was used to 
avoid counting certain ducks twice as they 
were flushed from one pothole to another. 
These disturbed ducks were always found 
to be more nervous in their actions than 
undisturbed ducks of a particular pothole 
and were usually observed swimming in 
open portions of the pond. Such a duck was 
considered as a bird previously counted on 
the neighboring pothole. For this reason, 
and the fact that birds are missed by virtue 
of cover and species characteristics, it can 
be assumed that all census counts represent 
the minimum populations present. During 
the brooding season censuses, one had to 
wade through the cover in the pond as well 
as around the edge. This required the men 
to work towards each other from a common 
starting point to eliminate circling of the 
pond by broods in the heavy cover. On hot 
days, it was frequently necessary to include 
in the beat-out the cover 100 feet from the 
pond edge. During brood censuses, when 
a brood hen was seen and no brood ob- 


served, she was classified as having a brood 
of unknown age and size. 


Roadside Census 


The roadside census made it possible to 
study normal activities of waterfowl with 
a minimum amount of disturbance over the 
same route at different times in the same 
day. At no time did the observers leave the 
car. Population counts were made with the 
aid of field glasses and a 20-power scope 
(used only in brood counts ). 

Poor road conditions in 1955 required an 
uneven division of the study area transects. 
The most passable road sections were placed 
in Transect A to ensure some census data 
if weather conditions prevented travel on 
Transect B. In 1956, these road difficulties 
were corrected and Transects A and B were 
made approximately equal in length. Be- 
cause no statistical comparison between 
years was possible, the unequal transect 
lengths created no analytical problem. The 
ponds within one-eighth mile on either side 
of the road were censused (Figs. 1 and 2). 
The driver censused one side and the ob- 
server the other. 

In 1955, roadside censuses were run for 
2 consecutive days. On the first day, the 
census was begun at 5:30 a.m., 9:30 a.m., 
and 1:30 p.m. The second day on the same 
transect, a census was taken at 9:30 a.m., 
1:30 p.m., and 5:30 p.m. The time required 
for each census varied from 2 to 3% hours, 
depending on the time of day, visibility, and 
seasonal vegetative progress. During these 
counts, the observers took turns driving the 
vehicle. Also, the direction traveled on each 
census was alternated from one time inter- 
val to the next. 

In 1956, the roadside census procedure 
used in 1955 was modified although the 
time required for each run was the same. 
Censuses were taken only at 5:30 a.m., 9:30 
a.m. and 1:30 p.m. As in 1955, censuses were 
run for 4 days. However, on the first and 
third days, Transect A was run, and on the 
second and fourth days, Transect B was 
run. The starting and finishing points were 
the same for all transects and the same per- 
son drove the car for all censuses. 
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In addition, the 1956 transects were each 
divided into four replications to check on 
the influence of weather as well as to in- 
crease accuracy of the statistical analysis 
(Fig. 2). At the beginning of each of 
the four replications, wind movement was 
recorded, by estimation, to the nearest 5 
m.p.h.; air temperature was recorded with 
a pocket thermometer; sky condition was 
recorded as cloudy, partly cloudy, or clear; 
light intensities were measured with a Wes- 
ton light meter held 6 inches above a hori- 
zontal sheet of white paper. 


Selected Pothole Group Beat-outs 


To obtain a detailed record of the water- 
fowl occupation of potholes throughout the 
day, four groups of potholes with four pot- 
holes in each group were selected for in- 
vestigation in 1956. Censuses were made 
of each group at four intervals of time: 
5:30 a.m., 9:30 a.m., 1:30 p.m., and 5:30 p.m. 
These counts were conducted over a period 
of 4 consecutive days in such a manner that 
no one group of potholes was censused more 
than once each day nor for more than one 
time interval in any one day. The ground 
beat-out method was used in each count. 

When brood data were gathered during 
these selected beat-outs, only those broods 
which were l1-week old (IB) or older were 
counted. This eliminated any bias newly- 
hatched (IA) broods might exert on analysis 
of the time of day factor. All brood aging 
was based on the findings of Gollop and 
Marshall (1954). , 


Aerial Censuses 


All aerial surveying was coordinated with 
the ground beat-out censuses on Strips 1 
and 3. A pilot and an observer conducted 
the census in a Cessna 170 airplane accord- 
ing to standardized linear aerial transect 
procedure (Anonymous, 1956). The same 
aerial census crew was also responsible for 
the entire Alberta aerial censuses. Thus, 
provincial censuses had priority over the 
study area censuses; and where time was 
critical, aerial censuses on the study area 
were curtailed. 


RESULTS AND DISCUSSION 


Annually comparable and reliable game 
population census data are difficult to ob- 
tain. The major factors responsible for this 
difficulty are characteristics of the game to 
be counted, seasonal vegetative develop- 
ments, biases introduced by human error, 
and fluctuations of countable game popu- 
lations with time of day and weather. 
These difficulties are particularly inherent 
in waterfowl inventories. The above-men- 
tioned factors are discussed below in the 
treatment of waterfowl counts from the 
Lousana area. 


Seasonal Factors Influencing Breeding 
Population Censuses 


Waterfowl characteristics. — Waterfow] 
biologists theoretically should make their 
counts when all species of ducks reach their 
maximum breeding numbers. However, the 
period of maximum waterfowl numbers on 
the breeding grounds differs among species 
of waterfowl. This lack of uniformity com- 
plicates the selection of a desirable time to 
census breeding populations composed of 
mixed species of waterfowl (Table 1). 

The color of certain waterfow] vitally af- 
fects detection. The bright breeding plum- 
age of many drakes makes them conspicuous 
and easily countable. The drab colored hens 
blend into the environment. This is not a 
serious error because aerial and roadside 
censuses are conducted during the periods 
when drakes and hens remain paired. How- 
ever, in certain species, i.e., the canvasback, 
mated birds with weak bonds of attachment 
make it necessary to refine further the 
method of determining the proper time of 
censusing. The visibility of both male and 
female must be considered for such species 
as the blue-winged teal. The numbers of 
these species observed during aerial cen- 
suses are further below the actual popula- 
tion than are the counts of conspicuous spe- 
cies (Table 2). 

Another consideration in waterfowl cen- 
susing involves the wary character of certain 
species, notably the mallard and _ pintail. 
When disturbed during censusing, these 
species usually took flight before any others. 
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TABLE 1.—Grounp BEAtT-ouT Counts oF INDICATED Pairs FOR THREE SPECIES OF WATERFOWL WIth 
VARIATIONS BETWEEN CALENDAR DATES AND VEGETATIVE DEVELOPMENT OF THE ASPEN TREE, Lousana 
AREA, ALBERTA, CANADA! 

















MALLARD BLUE-WINGED TEAL ScauP 

Mouse-eared Fully Mouse-eared Fully Mouse-eared Fully 

Year Bare Leaves? Leaved Bare Leaves Leaved Bare Leaves Leaved 
i 

Date No. Date No. Date No. Date No. Date No. Date No. Date No. Date No. Date No, 

1953 5/11 100 5/26 103 6/4 83 5/11 33 5/26 95 6/4 76 5/11 22 5/26 52 6/4 4 
1954 5/16 151 5/30 128 6/15 105 5/16 117 5/30 148 6/15 128 5/16 73 5/30 50 6/15 5) 
1955 5/12 152 5/26 136 6/23 73 5/12 68 5/26 100 6/23 130 5/12 72 5/26 68 6/23 5) 
1956 5/9 136 5/25 155 6/20 80 5/9 8 5/25 123 6/20 132 5/9 36 5/25 84 6/20 8 
1957 5/2 137 5/27 151 5/2 119 5/27 194 5/2 84 5/27 103 





1 Indicated pairs are observed pairs plus pairs which are 
* About the size of a fingernail. 


Because these were frequently out of sight 
of the census taker, counts of mallards and 
of pintails were minimal. 

Since much yet needs to be known about 
the variation in sex ratios of waterfowl, it 
is possible that unbalanced sex ratios may 
occur in several species. If this occurs, it 
is conceivable that unaccountable fluctua- 
tions of waterfowl populations may be re- 
lated to the erratic movements of unpaired 
males. Since single males are considered as 
representing a pair in breeding population 
censuses, an erroneous impression of a spe- 
cies’ breeding population level could be 
gained from the censusing of these unmated 
males when they are assumed to be paired. 

Seasonal vegetative developments.—Sev- 
eral important problems arise when water- 
fowl breeding population censuses are taken 
by aerial crews. First, when censusing a 
population of mixed waterfowl species, at 
what date can one census obtain the most 


TABLE 2.—PERCENT OF GROUND 


BEAT-OuT POPULATIONS OBSERVED 


indicated by single drakes and/or hens. 


accurate count of the total waterfow] pres. 
ent? Second, how should advanced or re. 
tarded seasonal vegetative developments on 
the breeding grounds be considered in an 
effort to get a reliable count? 

Seasonal vegetative developments do not 
necessarily follow lines of latitude. On many 
occasions, the parklands vegetation of Al- 
berta is further advanced than is the prairie 
vegetation to the south. This is important 
to biologists because censusing normally 
begins in the southern portions of the prov- 
ince and continues northward until con- 
pleted. This sequence is designed to follow 
the expected latitudinal pattern of breeding 
activity of waterfowl in the province. How- 
ever, in years when seasonal vegetative de- 
velopments are irregular, counts will give 
inaccurate approximations of the numbers 
of breeding waterfowl. This is because 
irregular areas of leaf development create 
irregularities in visibility of the waterfowl. 


DURING AERIAL AND ROADSIDE 


CENSUSES ON Strips 1 AND 3 WHEN THE ASPEN TREES WERE BARE AND PARTIALLY LEAVED, LOUSANA 
AREA, ALBERTA, CANADA, 1956 








AERIAL CENSUS 


NUMBER OBSERVED 


RoapsipE CENsus 




















Bare Mouse-eared Bare Mouse-eared 
Species Mouse-eared- 
Bare Leaved Early Mid- Early Mid- Early Mid- Early Mid- 
Aspen A.M. day A.M. day A.M. day A.M. day 
(%) (%) (%) (%) (%) (%) (%) (%) 
Mallard 136 155 57 54 63 30 74 63 59 =o 3l 
Blue-winged teal 8 123 ™ ' 14 19 ° . 5) 
Scaup 36 94 44 42 51 55 — ces 62 66 





®* Birds not present in adequate numbers to census. 
*° Influx of males in flocks destroyed value of data. 
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In 1956, trees in the Lousana area were 
leafing earlier than those to the south and 
north. Because of lowered visibility, aerial 
census data from a region of leafing trees 
may indicate lower numbers of waterfowl 
than those from leafless areas; in reality, 
waterfowl densities may be the same or 
higher. 

It may be possible to solve this problem of 
aerial census scheduling. There appears to 
be a correlation between waterfowl num- 
bers and certain seasonal vegetative de- 
velopments. The optimum period for con- 
ducting breeding population censuses in 
habitat typified by the Lousana area ap- 
pears to be at that time when aspen leaves 
are in the “mouse-ear” stage or when the 
leaves are as large as a man’s fingernail. The 
start of the census should closely coincide 
with the catkin stage of the willow. This 
particular stage of vegetative development 
is considered the best compromise between 
the highest number of waterfowl on the 
area and the period when visibility of all 
species on the area is best (Table 1). 

Daily Factors Influencing Breeding 
Population Censuses 


Human error. — Waterfowl _ breeding- 





TABLE 3.—CONSISTENCY OF AERIAL WATERFOWL 


12] 


ground censuses are plagued with prob- 
lems usually foreign to other game censuses. 
The wide breeding range and variety of 
habitat occupied by waterfowl across the 
continent necessitate large numbers of men 
to gather census data concurrently. Despite 
efforts to standardize procedures and to 
utilize trained personnel, the biases intro- 
duced by a variety of census procedures 
are considerable. 

Man may commit three types of error 
when conducting censuses: (1) lack of con- 
sistency, (2) lack of precision and/or ac- 
curacy, and (3) bias due to personnel. 

The first aerial census in Canada was in 
1948, but coordinated procedures did not 
develop until 1952. A summary of aerial 
census procedures in the southern prairie 
provinces is presented in Table 3. An index 
of consistency was developed to assist in 
determining the degree of comparison for 
between-years’ data. This is a strictly arbi- 
trary index, and it is possible these factors 
do not possess equal and additive values. 
However, a +2 index is considered the 
lowest desired index. At no time on the same 
area can the results of two entirely different 
aerial census teams in two different years 


CENsus PROCEDURES IN THREE CANADIAN PRAIRIE 


Provinces, 1950-56 








S. ALBERTA 


S. SASKATCHEWAN S. MANITOBA 

















Item Source of Variation = — a a > iB 2 in yy 4 iD 1S iB A in in ip in 16 tA 
= ae me = Saas = i mm me 
1 Same pilot for both breeding 
and brood censuses! X X Xx X X X xX = X X X 
2 Same observer for both breed- 
ing and brood censuses! X X X X X X X a 
3. Census data recorded by 
dictaphone! X X X X X X a a2 ee 
{ Number of different pilots 
used in 1 year? 1 - & & & & 1 : & 2 
5 Number of different observers 
used in 1 year? : 4 1 zt & & S&S i 1 ads 
6 Number of pilots different 
from previous year? 1 i8a8tas& 1 & & 8s 
7 Number of observers different 
from previous year? 1 1 Lt £tis 1 22 2 
8  Transect location different 
from previous year? X X X X X X 
Index of consistency 231-403 3 3 —2 1-4-5 -3 -8 -3 -5 1-3-4-5 0 2 





1 Plus values. 
2 Minus values. 


122 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 24, No. 2, Aprit 1960 


be comparable; nor would counts recorded 
with a pencil compare to counts recorded 
with a dictaphone, particularly in areas of 
high waterfowl and pothole densities. Even 
in a new census procedure, the use of census 
data having consistency indices below -3 
is undesirable. Particularly is this true when 
the lowered index is the result of field per- 
sonnel transfers. 

In a recent waterfowl report, the investi- 
gator stated that the census procedure called 
for a ground beat-out count of the breeding 
population over the entire study area. How- 
ever, one year, instead of a complete ground 
beat-out census, part of the census was con- 
ducted from the car as a roadside census. 
In another year, when water levels were low, 
the entire count was taken as a roadside cen- 
sus instead of the scheduled ground beat-out 
census. The annual data gathered during 
these breeding population censuses from 
this study were then compared as equally 
measured units of populations. 

Physical limitations of waterfowl habitat 
prohibit the substitution of a roadside cen- 
sus for any part or all of a ground beat-out 
census. Of the 201 potholes on Strips 1 and 
3 of the Lousana area, only 32 percent could 
be seen in their entirety and another 36 per- 
cent could be seen partially during the road- 
side counts. Even when the roadside count 
involved only those potholes seen in their 
entirety from the road, the accuracy of total 
ducks observed varied as much as 73 percent 
for certain species. 

More subtle influences of inconsistent 
procedure are often difficult to detect. The 
mere alternation of direction for the census 
run and the alternation of observers as driv- 
ers of the car were thought to be responsible 
for decreased accuracy of the 1955 roadside 
counts on the Lousana area. In ground beat- 
out counts of 1955 and 1956, the largest 
number of ducks was seen on the north and 
east sides of the study area. In 1955 the 
roadside censuses did not reflect these dif- 
ferences, either in total numbers or species 
composition. In 1956, a more strict adher- 
ence to a consistent census procedure was 
thought to have been responsible for the 
strong correlation between the ground beat- 


out censuses and the roadside censuses 
with regards to total numbers and species 
composition. 

The point of this discussion is that despite 
a lack of consistency, comparisons have been 
made and still are being made between non. 
comparable census data. Data showing a 
change in population trends can be due to 
a change in basic data or a change in the 
procedure of obtaining data. 

To cope with varying levels of visibility 
due to variable plant growth from year to 
year, aerial counts must be checked for 
accuracy against data from a ground beat. 
out transect. Mainly, this would equate data 
of different years when, because of leafing 
of trees, as in 1952, all the breeding popula- 
tion censuses were abnormally lowered, 
Full leaf development in the parklands may 
cause an aerial population count for each 
species, as the mallard, blue-winged teal, 
and scaup, to be 25 to 32 percent below 
what they would be in a census taken when 
trees and shrubs were bare. Any type of 
ocular measurements of a population, and 
aerial censusing is no exception, always 
needs periodic checks on its accuracy. This 
is particularly true when populations at dif- 
ferent densities in different habitats are 
being censused concurrently. 

Since 1953, a uniform method of record- 
ing the data of the aerial census has been 
established through the use of a dictaphone, 
standardized forms, and recording proce- 
dures. On the other hand, a large number 
of people are necessary for ground censuses, 
and considerable human error results when 
numerous hieroglyphic systems are used to 
record data on standardized forms. 

This data dilemma can be solved in sev- 
eral ways. The most practical approach is 
to record data in the field in a form ready 
for summarizing. The data for the Lousana 
area were coded in the field for IBM tabu- 
lation. IBM summary sheets are free from 
transposing error and are in a legible uni- 
form summary style. 

Not every person is capable of conducting 
a waterfowl or any other game census. The 
physical limitations of the eyesight of many 
people disqualify them for this type of work. 
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TaBLE 4.—SIGNIFICANTLY DIFFERENT BREEDING POPULATION NUMBERS IN ORDER OF THEIR ABUNDANCE 
at 3 DIFFERENT TIMEs OF Day For 3 SpEcIEs OF WATERFOWL AS DETERMINED FROM AN ANALYSIS OF 
VARIANCE OF ROApsIDE CENSUSES, LousSANA AREA, ALBERTA, CANADA, 19551 








Date or CENsuS 











Species May 10-11 June 23-26 
5:30 a.m. 9:30 a.m. 1:30 P.M. 5:30a.m. 9:30a.m. 1:30 P.M. 
Mallard Single drakes 1 2 3 1 3 D) 
Blue-winged teal Single drakes 2 le’ le Ne S S 
Scaup Single drakes* 1 2e 2e S S S 





1 Significant at the .05 level. 
2§ indicates no differentiation. 


3e indicates differentiation with equal abundance in the 2 indicated periods of time. 
4 There was no differentiation in the indicated or hen populations. 


So valuable is experience that beginners 
should go through a training period before 
engaging in this critical type of work; also 
two beginners should never be on the same 
census team. 

The mental attitude of the census taker is 
important. The dull monotonous routine of 
the census procedure should not bore him to 
the point where listless observations and 
recording destroy the value of census data. 

Time of day.—In the normal sense, time 
of day per se is not a factor which influences 
waterfowl censusing. Rather, time of day is 
an expression of various environmental fac- 
tors whose influences, singly or in combina- 
tion, are related to a particular time period 
in a day. Temperatures are lower in early 
morning than in midday. Local weather 
disturbances usually develop in midday pe- 
riods, i.e., thunder and hail storms. Thermal 
currents develop in midday, making aerial 
censusing hazardous, less accurate, or even 
impossible. 

In 1955 there was a definite time each 
day on the Lousana area when drakes of 
certain species of waterfowl could be seen 
in maximum numbers (Table 4). No an- 
alysis of the 5:30 p.m. data was made be- 
cause the quality of the evening light 
made color differentiation between ducks 
difficult. 

The summary of results of the 1956 an- 
alysis of variance of the roadside census 
data is presented in Tables 5 and 6. These 
data present a clearer pattern of the influ- 


ence of time of day than do the 1955 data. 
An analysis of 12 species as a group in 1955 
may have created a masking influence on 
the interaction of species by time. Like- 
wise, the data analysis for three major spe- 
cies and the two behavior groups of water- 
fowl in 1956 showed a definite interaction 
of species by time. 

The actual influence of time of day is 
shown only when that influence is con- 
sidered for each species in the interaction 
of species by time of day. Tables 5 and 6 
present the order of influences of interac- 
tions of time of day by species. This empha- 
sizes the importance of the variation be- 
tween single factor influences and multiple 
factor influences. The mallard, being the 
most abundant species, biased the results 
of the influence of time of day by itself. Any 
conclusions drawn from this single factor 
interaction would obviously have been 
erroneous. 

The variation between the pattern of the 
species groups and the pattern of behavior 
groups is not entirely understood. For ex- 
ample, the departure of mallard drakes dur- 
ing molt and the withdrawal of nesting mal- 
lard hens from open places combine to de- 
crease the number of countable mallards. 
A decrease in the number of the species 
whose countability is most influenced by 
time of day could be the cause for the varia- 
tion between the June 23 census of Tables 
5 and 6. In the behavior group, exodus of 
males was more gradual and the remaining 
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TABLE 5.—SIGNIFICANTLY DIFFERENT BREEDING POPULATION NUMBERS IN ORDER OF THEIR ABUNDANcE 
AT 3 DirFERENT TiMEs OF Day For 3 Species OF WATERFOWL AS DETERMINED FROM AN ANALYsIs op 
VARIANCE OF RoApsipE CEeNsusEs, LousANA AREA, ALBERTA, CANADA, 19561 








DaTE or CENsus 





Species May 13-16 May 26-29 June 23-27 





5:30 a.m. 9:30 a.m. 1:30 P.M. 5:30 a.m. 9:30 a.m. 1:30 P.M. 5:30 a.m. 9:30 a.m. 1:30 Py, 





MALLARD 

Indicated pop. 1 2e3 2e 1 2e 2e 

Single drakes 1 2 3 1 2 3 S? S S 

Single hens 1 2e % 
BLUE-WINGED TEAL 

Indicated pop. S S S le 2 le 

Single drakes S S S 1 2e 2e S S S 

Single hens S S S 
ScAuUP 

Indicated pop. S S S S S S 

Single drakes S S S S S S S S S 

Single hens S S S 





1 Significant at the .05 level. 
2S indicates no differentiation. 
%e indicates differentiation with equal abundance in the 2 indicated periods of time. 


population offset departure of early breed- of the scaup is attributed to the predom- 

ing males. inant early morning appearances of ruddy 
The countable number of diving ducks is ducks. For all diving ducks, samples are 

apparently little influenced by time of day. small; and any trend taken from them can- 

The divergence of the “sedentary divers” not be considered conclusive. 

(total scaup plus ruddy) pattern from that At this point one might ask, are ducks 


TABLE 6.—SIGNIFICANTLY DIFFERENT BREEDING PopULATION NUMBERS IN ORDER OF THEIR ABUNDANCE 
AT 3 DirFERENT TrMEs oF Day For 4 BEHAVIOR GROUPS OF WATERFOWL AS DETERMINED FROM AN 
ANALYSIS OF VARIANCE OF ROADsIDE CEeNsusES, LousANA AREA, ALBERTA, CANADA, 1956! 








DaTE or CENsus 





Behavior Group May 13-16 May 26-29 June 23-27 


5:30 a.m. 9:30 a.m. 1:30 p.m. 5:30 a.m. 9:30 a.m. 1:30 P.M. 5:30 A.M. 9:30 A.M. 1:30 pw. 





MOTILE PUDDLERS 


Indicated pop. 1 2 3 1 2e3 2e 1 2e 2e 

Single drakes 1 2 3 1 2 3 1 2e 2e 

Single hens S? S S 1 2e 2e 
SEDENTARY PUDDLERS 

Indicated pop. S S S S S 1 2e 2e 

Single drakes S S S 1 2e 2e 1 2 3 

Single hens 2e 2e 1 S S S 
MOTILE DIVERS 

Indicated pop. S S S S S S S S 

Single drakes S S S S S S S S S 

Single hens S S S S S S 
SEDENTARY DIVERS 

Indicated pop. S S S S S S le le 2 

Single drakes S S S S S S 1 Qe 2¢ 

Single hens S S S S S 





1 Significant at the .05 level. 
2 § indicates no differentiation. 
%e indicates differentiation with equal abundance in the 2 indicated periods of time. 








pres 
of tl 
bers 
shov 


pres 
earl 
time 
cor¢ 
potl 
mor 
day. 
cont 
beat 
ing 
B 
entl 
sele 
pop 
time 
day 
sucl 
bac 
S 
susi 
pail 
fror 
por 
sam 
of ¢ 
duc 
wel 
of 
the 
in t 
9:3 
var 
furl 
S 
on. 
puc 
ign 
wit 
inf] 
7 
aer 
It 1 
duc 
mo 
der 
tim 
in | 








JNDANCE 
LYSIs op 


edom- 
ruddy 
eS are 
nN can- 


ducks 


N DANCE 
OM AN 


:30 P.xt 





bo to to 
oOo ® @ 


Mohs 








WATERFOWL Census Factors IN ALBERTA—Diem and Lu 125 


present on the potholes during all periods 
of the day, even when their censused num- 
bers are lowest? Analysis of our data 
showed that the mallard was apparently 
present on the area in greatest numbers only 
early in the morning. During the later two 
time periods when lesser numbers were re- 
corded, mallards were either away from the 
potholes or they were more elusive and thus 
more difficult to count than earlier in the 
day. This emphasizes the importance of 
conducting all waterfowl censuses, ground 
beat-out censuses included, in early morn- 
ing hours when the mallard is predominant. 

Blue-winged teal and scaup were appar- 
ently unaffected by time of day in the 
selected pothole group beat-out. Their 
population levels were unchanged in all 
time periods sampled. At various times of 
day, the blue-winged teal’s activities were 
such that its drab outline blended into the 
background, making it less visible. 

Smith (1956b) reports that in aerial cen- 
susing of the Lousana area the numbers of 
paired ducks observed in midday decreased 
from the early morning count. Also, he re- 
ports an increase in single drakes during this 
same period. In the roadside census, time 
of day did not influence numbers of paired 
ducks observed. Also, more single drakes 
were observed in the early morning period 
of 5:30 a.m. than any other time period of 
the day. There was no significant difference 
in the numbers of single drakes observed at 
9:30 a.m. and at the midday period. This 
variation between aerial and roadside data 
further illustrates the problems of visibility. 

Statistically, time of day has no influence 
on counting blue-winged teal and sedentary 
puddlers (Tables 5 and 6). However, the 
figures show a trend which suggests that 
with more data time of day may exert an 
influence on countability of both. 

The relationship of dry and wet years to 
aerial censusing further complicates matters. 
It may be that, with low water levels, some 
ducks, i.e., the mallard, by necessity spend 
more time in the open near the water. Un- 
der these conditions, it is possible that no 
time of day fluctuation would be recorded 
in aerial census data. Accounting for such 


irregularities in the future will require more 
information about environmental factors 
which express themselves as a function of 
time of day. 

Weather—The influence of extreme 
weather conditions on waterfowl] counts is 
easy to observe. What has not been ob- 
served, however, are the particular elements 
of weather responsible for the more normal 
but more subtle daily influences on the 
countability of waterfowl. 

The 1956 Lousana roadside census data 
were subjected to a least square solution 
and an analysis of variance to determine if 
any variations of wind velocity, light in- 
tensity, and temperature influenced the 
countability of puddling and diving ducks. 

Analysis of variance revealed that the 
three weather factors exerted no significant 
influence on countability of diving ducks. 
The same analysis of variance showed no 
significant influence exerted by wind or 
light intensity on countability of puddler 
ducks. Observations during the course of 
the study indicated that wind may exert 
considerable influence, i.e., high winds re- 
ducing the numbers of puddler ducks on a 
pond’s surface. A lack of sufficiently vari- 
able wind velocities during the study was 
thought responsible for the statistical non- 
significance of wind. 

Temperature was found to exert a signifi- 
cant influence on countability of puddler 
duck populations (Table 7). This appears 
to explain partially why time of day has a 
significant influence on countability of the 
mallard and “motile puddlers.” The 40° 


TABLE 7.—SIGNIFICANTLY DIFFERENT BREEDING 

POPULATION NUMBERS OF PUDDLING Ducks IN 

ORDER OF THEIR ABUNDANCE AT 5 RANGES OF 

TEMPERATURE AS DETERMINED FROM AN ANALYSIS 

OF VARIANCE OF ROADSIDE CENSUSES, LOUSANA 
AREA, ALBERTA, CANADA, 19567 








FAHRENHEIT TEMPERATURE RANGES 








Species 
30°-39° 40°—49° 50°—59° 60°-69° 80°-—89° 
Puddling 
ducks 3e* 1 2 3e 3e 





1 Significant at the .05 level. 
2e indicates differentiation with equal abundance in the 
3 indicated periods of time. 





to 49° F. temperatures were recorded in 66 
percent of the 5:30 a.m. roadside censuses. 
They did not occur in any of the 9:30 a.m. 
or 1:30 p.m. censuses. Consequently, it ap- 
pears important to conduct aerial censuses 
during periods when temperatures would be 
between 40° and 59° F. 

The difference in behavior between diver 
and puddler ducks is a natural one. Be- 
cause of their natural restriction to the water 
areas, diving ducks have probably become 
adapted to influences of the weather. Possi- 
bly, puddling ducks are able to utilize cover 
on land as a means of escape from the sun’s 
heat. Consequently, this behavior of pud- 
dler ducks would decrease their countability. 


Seasonal Factors Influencing Brood 
Population Censuses 


Waterfowl characteristics—Broods are 
more difficult to census than are breeding 
populations because of the drab color and 
elusiveness of the hen combined with the 
small size and mottling of young ducklings. 

As in breeding population censuses, cer- 
tain species of birds were more elusive than 
others. Mallard and pintail broods were the 
most wary and scurried to cover when a car 
stopped. This flighty trait suggests that 
ground beat-out counts of broods were 
lower than actual existing broods. Gener- 
ally, older ducklings were more difficult to 
census; they traveled further and scattered 
over a wider territory than younger duck- 
lings. The latter by contrast usually grouped 
together. As a result, ground beat-out data 
on the number of ducklings per brood for 
younger age classes were considered more 
accurate than data for older broods. 

Counting ducklings of “sedentary pud- 
dlers,” “motile divers,” and “sedentary 
divers” is not difficult. These ducklings 
tend to flush readily from the shoreline and 
emergent vegetation and then gather in 
groups in more open portions of the ponds. 

Irregularity of hatching dates between 
species and within species creates another 
brood census problem. In favorable years, 
when there is little puddler renesting and 
no marked delay in diver nesting, the hatch- 
ing period for ducklings is short. In other 
years when environmental conditions are 
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not favorable, puddler renesting is common 
and there is a marked delay in diver nesting 
and the hatching period is considerably 
extended. 

An extended hatching period hinders an 
accurate measure of production under pres. 
ent census regulations, which require al] 
production data to be completed by July 25, 
For example, in Manitoba in 1954 the broods 
counted on August 12 on the Newdale- 
Erickson study area had increased 120 per- 
cent over the number of broods counted on 
July 25 (Pospichal, et al., 1954). This in. 
crease took place after the regular brood 
censuses had terminated. 

The opposite condition in counting broods 
also has occurred in some years. The early 
species, typified by the mallard, may have 
young ducklings flying prior to the brood 
censuses, and consequently these broods go 
uncounted. Obviously, then, the extent of 
such hatching differentials makes it impera- 
tive to maintain regular ground beat-out 
counts on specified transects for corrective 
adjustment of aerial or roadside census data. 

When mallard and pintail ducklings were 
4 to 7 weeks old (IIB to IIIA), they fre- 
quently formed a home range which ap- 
peared to include 2 or 3 adjacent potholes. 
Travel by broods between these areas was 
irregular and usually covered less than one- 
sixteenth of a mile. No marked broods were 
used as a basis for these observations; how- 
ever, numerous observations of broods com- 
posed of the same number of individuals of 
the same age class, and of the same species, 
were indicative of the described home range 
pattern. This type of brood movement con- 
ceivably could be responsible for many un- 
explained fluctuations of roadside brood 
censuses. This home range behavior was 
in sharp contrast to that observed in broods 
banded outside the study area. Broods sub- 
jected to capture and banding generally 
moved one-quarter mile or further from the 
banding site, never to return. 

Phenological development.—The aquatic 
and shoreline vegetation of the potholes re- 
stricted visibility and led to the compara- 
tively low brood counts made by roadside 
and aerial censuses. Maximum growth of 
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vegetation has usually been reached by the 
time the brood censuses begin. The influence 
exerted on visibility by vegetation is, for all 
practical purposes, constant (unless water 
levels vary ) throughout the brood census. 


Daily Factors Influencing Brood 
Population Censuses 


Human error.—In addition to the general 
application of points discussed under breed- 
ing population censuses, brood population 
censuses have human error biases. 

Where potholes are closely spaced, move- 
ment of older broods between them is pro- 
nounced. Frightened broods may leave the 
census area permanently and remain un- 
counted in nearby potholes. The approach 
to and stealthy observation of a pothole 
should be designed to discourage such 
movements. Consequently, familiarity of 
field personnel with the area is imperative. 
At the slightest disturbance, many broods, 
particularly the class II's and III's, begin to 
move into cover. Duplication of broods is 
minimized by recording them by species, 
age class, and number of ducklings. 

A significant difference between days in 
the selected pothole group beat-out brood 
census emphasized the importance of hu- 
man disturbance during beat-out pro- 
cedures. As each pothole was censused by 
this procedure, the number of broods re- 
corded on those potholes decreased on the 
third and fourth days of the census from 
that on the first and second days. This 
human disturbance is a limiting factor 
for intensive beat-out studies of brood 
populations. 

Partial compensation can be made for the 
bias induced by human disturbance during 
censusing. The total production of a given 
area is not considered as the largest total 
number of broods recorded on any one 
census. Rather, it is the adjusted total de- 
rived by counting all broods of all censuses 
which could not be duplicated by reason of 
location, age class, and of species. 

Because of the small size of ducklings 
and the indistinct color pattern of the hen 
and her brood, aerial observers are only 
able to record numbers of broods seen, and 


under certain census conditions, the number 
of ducklings in broods of specific age classes. 
If there had been highly variable produc- 
tion among several species, an aerial census 
would not detect it. Here again the refer- 
ence role played by a ground beat-out cen- 
sus takes on particular importance. 

Time of day.—Time of day followed 
closely the pattern of the influence of time 
of day on breeding populations. Time is 
significant for the brood behavior group in 
the June 23 roadside census, because at that 
date “motile puddler” broods are more 
numerous than all other broods combined. 
This results in a masking influence and 
creates an erroneous impression of the 
actual time of day influence on all broods 
(Table 8). Mallard and “motile puddler” 
broods were significantly more abundant 
than other species and groups in the June 
23 count. This would be considered normal 
because of their earlier hatching character- 
istic. However, by July 18, blue-winged teal 
broods and “sedentary puddler” broods 
were significantly more abundant than other 
species and behavior groups of birds. Thus, 
using Strips 1 and 3 as an example, 32 blue- 
winged teal broods appear to have com- 
bined with 20 diver broods to mask out any 
influence of time of day which may have 
been exerted on the 22 mallard broods or 
the 41 “motile puddler” broods. 


TABLE 8.—THE SIGNIFICANTLY DIFFERENT BRoopD 

POPULATION NUMBERS IN ORDER OF THEIR ABUN- 

DANCE AT 3 DIFFERENT TIME OF DAy PERIODS FOR 

3 SPECIES AND 4 BEHAVIOR GROUPS OF WATERFOWL 

AS DETERMINED FROM AN ANALYSIS OF VARIANCE 

oF ROApDsIDE CENSUSES, LOUSANA AREA, ALBERTA, 
Canapa, 1956" 








Behavior Groups Date oF CENsuS 








and 
Species 5:30 a.m. 9:30 a.m. 1:30 P.M 
Motile puddlers 1 2° 2e 
Sedentary puddlers S$? S S 
Motile divers S S S 
Sedentary divers S S S 
Mallard 1 2e 2e 
Blue-winged teal S S S 
Scaup 5 S S 





1 Significant at the .05 level. 

2S indicates no differentiation. 

8e indicates differentiation with equal abundance in the 
2 indicated periods of time. 





128 


In the selected pothole group beat-out, 
blue-winged teal broods were significantly 
different from scaup and mallard broods. 
As a result, the masking influences exerted 
by blue-winged teal and scaup broods are 
considered to be responsible for the failure 
in detecting any influence of time of day 
on the number of broods counted during 
the selected pothole group beat-out census. 

Weather.—The influence of weather on 
numbers of countable waterfowl broods is 
particularly difficult to determine. First, 
the total number of broods is small, making 
it difficult to obtain data adequate to an- 
alyze. A further complication is the pro- 
gressive addition of newly hatched broods 
to the total population. Because of these 
limitations and the restrictions of general 
observations, we are able to speculate only 
as to the cause and effect of weather on 
brood countability. During brood ground 
beat-out censuses of the last 3 years, several 
situations have repeatedly been conspic- 
uous. When wind exceeds 15 m.p.h., more 
puddler broods (especially the class I and 
IIA ducklings) were encountered on the 
shore or in emergent cover next to shore 
than on days with lower wind velocities. 

When the air temperature was in the 80° 
to 90° F. range, puddler broods moved into 
dense and presumably cooler understory 
vegetation adjoining many potholes. At 
times, the distance from water of the pot- 
hole to their resting spot was 150 to 200 feet. 

A problem of censusing is encountered 
under such situations. Ground beat-out 
censuses conducted on hot days will not 
normally include broods which may be 
escaping the heat in understory vegetation. 
As soon as the beat-out is begun, these 
broods do not head for water but remain 
hidden or even go into thicker cover. This 
behavior was characteristic of the mallard, 
pintail, and baldpate. 

In contrast, when the temperature was 
moderate, the sky overcast, and the wind 
5 to 10 m.p.h., the number of broods fre- 
quenting the open portions of a pond ap- 
peared to be more representative of the 
actual brood population. 
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Adjustment of Census Procedures 
and Data 


Administrative adjustments. — Unforty. 
nately, most variables involved in wate. 
fowl censusing are non-measurable. Some 
of these variables are the unknown influeng 
of changing transect locations, use of yp. 
trained census personnel, improper timing 
of censuses with seasonal vegetative de. 
velopments, and transfer of experienced 
census personnel from familiar areas t 
strange areas. These variables are poten. 
tial census biases, but mathematical adjust. 
ments for them are not warranted. Hoy. 
ever, certain administrative adjustments cay 
be made to reduce the influence of these 
variables. 

In census planning, the proper procedure 
should be considered first. As in fishing 
pressure censuses (Nuehold and Lu, 1957), 
waterfowl counts are progressive censuses 
and the adequacy of the census sample from 
year to year will be determined by con. 
sistency in: (1) direction of census move. 
ments, (2) location of census starting point, 
and (3) allotment of time of day to conduct 
the census. 

Existing aerial waterfowl census proced- 
ures (Anonymous, 1956) do not limit counts 
to specific hours. Standardized census pe- 
riods must be specifically established be- 
cause, as in this study, aerial counts made 
at midday may be from 30 to 50 percent 
lower than early morning counts. 

Also, there are no stipulations concerning 
limitations of weather conditions on aerial 
censusing. Transects or segments of tran- 
sects flown in locally poor weather condi- 
tions which make census data unreliable, 
should be reflown under better weather 
conditions. Aerial or ground waterfowl] cen- 
susing should not be a race to see how fast 
the job can be done; rather, consistent pre- 
cision and accuracy of each count should 
be the ultimate objective. 

The assignment of personnel is always a 
problem in waterfowl censusing. Smith 
(1944) found in his statistical study of range 
vegetation estimates that although all the 
men varied in their estimates, certain ones 
were more erratic than others. Carney and 
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Petrides (1957) further substantiated these 
findings in their study of variability in 
pheasant crowing counts. Those persons 
having the extreme of variability could be 
weeded out by pre-census training flights 
over known densities of waterfowl. Where 
breeding-ground censusing is done only 
once each year, a brief common practice 
session to train all crews would be of assist- 
ance in obtaining better individual consis- 
tency of counting. 

Census procedures should also include 
planned assignment of the same pilot and 
observer to the same area for a minimum of 
3 or 4 consecutive years. As Smith (1944) 
and Carney and Petrides (1957) point out 
in their studies, the variation among trained 
men familiar with an estimating procedure 
may be large; but the variation among un- 
trained personnel would be considerably 
greater. Consequently, no waterfowl cen- 
suses can logically be compared if the index 
of consistency is below +2 (Table 3). 

Mathematical adjustment.—Census data 
may be used for an estimate of the popula- 
tion trend or for an estimate of the total 
population. In either case, the data mean 
little unless previous waterfowl trends or 
population numbers are known. Even when 
previous numbers are known, an evaluation 
of the measurable variables associated with 
collection of data is necessary for a correct 
interpretation. 

Where only one aerial count is made for 
the breeding population survey and only 
one is made for the brood population survey, 
the environmental conditions under which 
these counts are made are of primary im- 
portance. Census data are comparable from 
year to year only when fluctuations in the 
data brought about by environmental in- 
fluences on census procedures are equally 
adjusted each year. 

The results of this study indicate a need 
for mathematical adjustment of data ob- 
tained by aerial censuses. Mathematical 


adjustments are of two types: (1) direct 
adjustment for each individual factor or 
related interactions, and (2) direct adjust- 
ment for a multitude of factors as one group. 

Mathematical adjustment for single fac- 


tors is unreliable and inflexible. For ex- 
ample, a data correction could be made for 
various temperature ranges encountered in 
an aerial census. Additional adjustments 
could be made for other individual weather 
factors or their interactions. However, math- 
matical adjustments would be difficult, if 
not impossible, to determine for year-to-year 
environmental variations, i.e., fluctuating 
water levels of potholes, variable leaf 
growth, changes in grazing and farming 
practices (clearing, burning, cultivating, 
grazing of emergents, etc.), and variable 
visibility conditions (smoke from forest 
fires ). 

A more flexible mathematical adjustment 
is possible through ground-to-air compari- 
sons. Aerial and ground censuses taken over 
the same area at comparable time of day pe- 
riods provide the basic data to develop an 
“aerial-ground index.” This index is derived 
by dividing the number of birds counted 
during a ground beat-out census by the num- 
ber of birds counted in the aerial census. 
These “aerial-ground stations” could be a 
segment of the present regular aerial tran- 
sect. The number, location, and length of the 
“aerial-ground stations” would vary with the 
size of the stratum and the density of water- 
fowl and potholes pez acre. An aerial-ground 
index should be developed for two periods, 
7:30 and 10:30 a.m. Assuming the aerial 
censuses are conducted from 6 a.m. to 12 
noon, regular aerial transect data would 
then be adjusted by the 7:30 or 10:30 a.m. 
index from the “aerial-ground station” 
nearest to the aerial transect at the particular 
time the flight was made. Justification for 
the two periods is based not only on pre- 
viously presented data, but also on the de- 
gree of consistency of the censuses. While 
variations occur for individual species, the 
5:30 a.m. census was generally as, or more, 
consistent than the 1:30 p.m. count for beth 
breeding and brood population counts. Ad- 
justments made from these counts should 
be by species, not by total ducks. 

To illustrate this problem further, aerial 
census data, when adjusted with a species- 
visibility index, may be in error under both 
bare- and leafed aspen conditions (Table 9). 
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TABLE 9.—ApyusTED WATERFOWL BREEDING PopuLATION Counts DERIVED FROM A SPECIES-Visipnrry 
INDEX AND AN AERIAL-GRoUND INDEX, PARKLANDS, ALBERTA, CANADA 
7 iain — < ae c - Aerial- 
me ecies isibili 
Periods! 7 Observed —_ “Total Index? Corrected 
YEAR WITH TREES BARE 
6 a.m. Mallard 2,790 1.79 4,833 
to Bw. teal 960 2.00 1,920 
9 a.m. Scaup 1,300 2:37 2,951 
9 a.m. Mallard 2,400 1.85 4,440 
to Bw. teal 380 5.88 2,234 
12 p.m. Scaup 1,000 1.78 1,780 
Mallard 5,100 1.78 9,078 9,273 
Total Bw. teal 1,340 3.75 5,025 4,154 
Scaup 2,300 1.95 4,485 4,731 
YEAR WITH LEAVED TREES 
6 a.m. Mallard 1,600 1.64 2,624 
to Bw. teal 300 13.18 3,954 
9 a.m. Scaup 800 1.96 1,568 
9 a.m. Mallard 1,100 3.45 3,795 
to Bw. teal 500 5.55 2,775 
12 p.m. Scaup 900 1.82 1,638 
Mallard 2,700 1.78 4,806 6,419 
Total Bw. teal 800 3.75 3,000 6,729 
Scaup 1,700 1.95 3,315 3,206 





1 Aerial-ground index is based on aerial flights at 8 a.m. and 11 a.m. 


2 Taken from Smith (1956). 


3 Derived by dividing the number of ducks counted on the ground by the number of ducks counted in the aerial census. 


The species-visibility adjustment in a year 
with leafed aspen could be 25 percent and 
50 percent below the actual population of 
mallard and blue-winged teal, respectively. 
Even worse, species-visibility adjustment for 
blue-winged teal would indicate the wrong 
direction of the population fluctuation! If 
this error were carried over to the parkland 
stratum estimate, the mallard population 
estimate could be 200,000 birds low and the 
blue-winged teal 150,000 birds low. 

The error inherent in the use of species- 
visibility adjustment is exaggerated when 
the same number of waterfowl are observed 
in 2 consecutive years under bare tree and 
then leafed tree conditions, respectively 
(Table 9). This error also would be appli- 
cable when comparing different habitat 
types. Adjustment of the data with the spe- 
cies-visibility index would indicate no basic 
change in the population trend. However, 
using the aerial-ground index, the adjusted 


data indicate a population gain of 42 percent 
in the leafed-condition census. Also with 
the species-visibility adjustment, the blue- 
winged teal population could be 65 percent 
low (Table 9). Because of these errors, it 
appears that adjustment of aerial census 
data by the aerial-ground index is the best 
mathematical adjustment possible. Thus, 
the aerial-ground correction makes it possi- 
ble to adjust environmental variations simul- 
taneously and uniformly. 

If adjustment of aerial counts is made 
each year in the foregoing manner, fluctua- 
tions occurring in waterfowl numbers can 
safely be attributed to increases or decreases 
of waterfowl and not to variations of census 
planning, procedures, and techniques. 


CONCLUSIONS AND RECOMMENDATIONS 


Aerial censusing is at present the only 
practical method for determining the trend 
of continental waterfowl populations. How- 
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ever, unless standardized and conducted 
with a high degree of accuracy and consis- 
tency from year to year, aerial counts are 
of little or no value as population trend 
indicators. 

Studies on the Lousana area show that 
waterfowl numbers reached the desired 
level for conducting breeding population 
censuses coincident with the “mouse-eared”- 
leaf stage on the aspen tree and the catkin 
stage on the willow, rather than with any 
calendar date. It is therefore recommended 
that efforts be made to determine for each 
strata of the breeding grounds those sea- 
sonal developments which indicate the 
desired breeding population level for cen- 
susing. 

Depending on the species, and conditions 
during the census, aerial counts failed to 
record 30 to 80 percent of a species’ popula- 
tion that were recorded on the same area 
by a ground beat-out census. During road- 
side censuses more mallards and other 
“motile puddlers” were visible between 6 
and 9 a.m. that at any other time. Because 
of this and the fact that eye fatigue makes 
counting accuracy unpredictable beyond 6 
hours of censusing, it is recommended that 
all aerial counting be confined to the hours 
between 6 a.m. and 12 noon ( Banfield, et al., 
1955). Aerial-ground indices should be util- 
ized to provide a mathematical adjustment 
for these aerial census data. 

Significantly more puddling ducks were 
counted during roadside censuses when the 
temperatures remained between 40° and 
59° F. As a result, aerial censusing appears 
to be best conducted from 6 a.m. to 12 
noon when those temperatures would be 
encountered. 

The direction of travel and rotation of 
observers in roadside censuses critically in- 
fluenced the accuracy of this type of census 
data on the Lousana area. It would then 
seem logical that aerial transects should also 
be consistently flown in the same direction 
and have the same census personnel on the 
same area for at least 3 to 5 years. 

All personnel participating in aerial 
waterfowl censusing should have some pre- 
vious experience in aerial counting of 


waterfowl. It seems desirable to conduct 
pre-census training flights over transects 
having predetermined densities of water- 
fowl to develop better consistency and ac- 
curacy by the pilot and the observer. This 
should be a conditioning program for the 
eyesight and the mental reactions involved 
in counting ducks from the air. 

Census data are not easily adjusted 
mathematically for single factors respon- 
sible for census variations. However, aerial- 
ground indices make it possible to correct 
simultaneously for the multitude of inter- 
actions which influence countability of 
waterfowl. Because aerial visibility of 
waterfowl is low in the parklands, the need 
of data adjustment is great for this stratum. 
The same standardization, planning, and 
synchronization which applies to aerial cen- 
susing should apply equally to ground beat- 
out censusing. Ground beat-out data would 
give a breakdown of total broods by species 
instead of total broods now recorded by 
aerial censuses. The ground census data 
would further provide a breakdown by num- 
bers of ducklings per brood by all age 
classes, which is not now possible with 
aerial censusing. Ground crews could be 
retained later than aerial crews, past July 
25, if a late hatch were suspected. Thus, 
with a re-run of “aerial-ground stations” by 
ground crews, the extent and size of the 
late hatch could be determined. 

Census problems encountered on the 
Lousana area are thought to be generally 
present, in varying degrees, in all strata of 
the breeding grounds. Consequently, in- 
vestigations should be initiated by aerial 
crews and ground beat-out crews to de- 
termine the same data aerially as were de- 
termined in this study for roadside censuses. 
Projects of this nature would lay the foun- 
dation for maintaining a constant high level 
of accuracy for all aerial waterfowl censuses 
from year to year. 

Accurate interpretation of census data re- 
quires more basic knowledge of the be- 
havior and physiology of the individual 
bird. Investigations should be made into 
causes for appearance of groups of birds 
which appear to be non-nesting waterfowl. 
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The mallard and other “motile puddler” 
populations were not as stable on potholes 
of the Lousana area as were other species of 
waterfowl. Intensive long range banding 
studies of family units on potholes of cer- 
tain areas for all major waterfowl species 
should be initiated. From such studies, more 
may be learned about the ecological re- 
quirements of waterfowl associated with the 
within-season and year-to-year movements 
of birds from dried-out breeding areas to 
wetter breeding areas. 

The ever increasing problems related to 
the management of the waterfowl resource 
require that the size of annual duck popu- 
lations should be known with smaller and 
smaller limits of error. 


SUMMARY 


During the 1955-57 waterfowl breeding 
population and brood population censuses 
conducted at Lousana, Alberta, the influ- 
ences of waterfowl characteristics, seasonal 
vegetation developments, human error, time 
of day, and weather conditions on census 
procedures were investigated. Drab colora- 
tion of the blue-winged teal was believed 
responsible for aerial and roadside censuses 
being from 50-60 percent below the ground 
beatout population. 

The optimum time for initiating water- 
fowl breeding censuses on the Lousana area 
appeared to be correlated with the catkin 
stage of the willow and the “mouse-eared”- 
leaf stage of the aspen. Aerial censuses con- 
ducted over the same transect were from 
25 to 32 percent lower when trees were in 
leaf than when conducted when trees were 
bare. 

Variation in direction of travel of the cen- 
sus runs and alternation of observers as 
drivers of the car decreased the accuracy 
of 1955 roadside census data. 

A significantly larger number of mallards 
and other “motile puddler” ducks were seen 
in the 5:30 a.m. roadside census. No sig- 
nificant difference in the number of these 
ducks occurred between the 9:30 a.m. and 
1:30 p.m. censuses. There were no differ- 
ences in the number of scaup and divers 
counted during the three censuses. Breed- 
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ing population numbers of blue-winged tea] 
and “sedentary puddlers” were inconsistent 
and did not follow a definite time-of-day 
pattern. , 

An analysis of variance of breeding popv- 
lation ground beat-out censuses of selected 
groups of potholes revealed that more mal. 
lards and “motile puddlers” were counted 
during the 5:30 a.m. census than at any 
other time of day. Blue-winged teal, “sed. 
entary puddlers,” scaup, and diving ducks 
were counted in equal numbers on potholes 
throughout the day. 

Temperatures between 40° and 59° F, 
were the only weather factors which signifi- 
cantly influenced countability of puddler 
ducks during roadside censuses. Counta- 
bility of diving ducks was not influenced by 
weather. 

Detection of increasing or decreasing 
waterfowl production is impossible with 
present aerial brood census techniques. 
When brood populations were predomin- 
antly “motile puddlers,” an analysis of vari- 
ance of roadside censuses revealed that sig- 
nificantly greater numbers of mallard and 
“motile puddler” broods were counted in 
the 5:30 a.m. census than in the 9:30 a.m. 
and 1:30 p.m. censuses. As the brood popv- 
lations were dominated by “sedentary pud- 
dlers” and divers, roadside data revealed 
no significant difference in numbers of 
broods counted during the three censuses. 
Midday aerial brood counts on the Lousana 
area varied as much as 46 percent below 
6:00 a.m. counts conducted on the same day. 
High temperatures or winds over 15 m.p.h. 
with overcast skies were thought to be the 
major weather factor which decreased num- 
bers of countable broods. 

Aerial-ground indices are the only mathe- 
matical adjustments available at present to 
adjust the aerial census data for the multi- 
tude of interactions which influence counta- 
bility of waterfowl. 
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GERMINATION AND PLANTING EXPERIMENTS ON SOFT-STEM 
AND HARD-STEM BULRUSH’ 


Stanley W. Harris and William H. Marshall 


Humboldt State College, Arcata, California, and University of Minnesota, St. Paul, Minnesota 


During the period 1951 through 1954 
an extensive program of marsh drawdown 
at Mud Lake National Wildlife Refuge in 
northwestern Minnesota was conducted 
with the primary purpose of revegetating 
large open water areas with stands of 
emergent vegetation (Harris, 1957). As 
a part of this program, a considerable 
amount of soft-stem bulrush (Scirpus vali- 
dus Vahl.) and a lesser amount of hard-stem 
bulrush (S. actus Muhl) seed was broadcast 
onto newly exposed mud flats by an airplane 
during mid- and late June. Although bul- 
rush development was widespread on the 
mud flats, careful examination failed to re- 
veal any important differences in the 
amount of development between seeded and 
unseeded areas, and it was thought that 
the seeding operation had made little if any 
contribution to the establishment of these 
stands. These observations led to a number 
of germination and seeding experiments 
which comprise the present report. 

Previous germination tests of these two 
species have not been carried out in con- 
nection with field operations such as experi- 
mental seeding, large scale machine har- 
vesting, or extensive planting. Oborn (1938) 
subjected hard-stem bulrush seed to many 
different storage conditions and obtained 
moderate germination only with seed which 
had been stored under water in darkness at 
1-3 degrees C. or with seed which had been 
buried in a bank of the Bear River in Utah 
where the seed was subjected to periodic 
flooding and freezing for over 3 months. 
Muencher (1936) obtained no appreciable 
germination with seed of both species stored 
- under four different conditions. Isley (1944) 
found the germination of hard-stem bul- 


* Paper No. 4228 Scientific Journal Series, Min- 
nesota Agricultural Experiment Station, St. Paul 1, 
Minnesota. 


rush “.. . none too satisfactory . . .” and his 
various lots of soft-stem seed behaved errat. 
ically and irregularly which “. . . may have 


been due to differences in maturity of the 
different lots.” 


GERMINATION EXPERIMENTS 


Source of seed.—All seeds used were from 
quantities gathered on the refuge during 
normal harvesting operations. Samples test- 
ed were from four lots of seed as follows: 
(1) soft-stem bulrush seed which had been 
swathed and combined by machine in the 
fall of 1952 and stored in grain sacks in an 
unheated granary from September 1952 un- 
til September 1953; (2) soft-stem seed 
picked by hand in September 1953 and com- 
bined by machine after drying; (3) soft- 
stem seed swathed and combined by 
machine in September 1953; and (4) hard- 
stem seed swathed and combined by ma- 
chine in September 1953. 

Storage conditions—In September 1953, 
samples taken from these lots of seed were 
placed under five “planned” storage tech- 
niques; the first four might be termed “arti- 
ficial” and the fifth, “natural.” These con- 
ditions were: (1) Room Temperature-Dry 
—stored dry in manila envelopes at room 
temperature. (2) Room Temperature-Wet 
—stored in 8-dram vials which had been 
half filled with seed and then filled with tap 
water and corked. (3) Outside Tempera- 
ture-Dry—an 8-dram vial half filled with 
seed was corked and placed outside on a 
west window sill at St. Paul, Minnesota, 
where it was exposed to normal external 
temperature and light variations during the 
winter. (4) Outside Temperature-Wet—an 
8-dram vial half filled with seed was filled 
with tap water, corked and placed outside 
in the same place as No. 3 above. (5) Na- 
tural Water—sub-lots of seed were placed 
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in bags made of spun glass cloth and thread. 
These bags were suspended under 18 inches 
of water in one of the pools at the refuge 
in September 1953 and left over winter. 

Germination conditions.—A series of ger- 
mination tests with the first four lots was 
conducted at 3-, 6-, 7-, and 9-month intervals 
following placement into “planned” storage. 
The natural-water-stored seed was tested 
after 8 months. Fifty to 100 seeds were 
tested in each experiment. In general, three 
different germination procedures were fol- 
lowed: (1) Room Temperature and Light 
—seeds and tap water were placed in 
covered petri dishes which rested on a desk 
inside a laboratory under regular laboratory 
light and temperature variations. Tempera- 
ture variations measured over an 8-day pe- 
riod ranged from an average daily maximum 
of 77 degrees F. to an average daily mini- 
mum of 72 degrees F. The extremes for the 
8 days were 78 and 70 degrees. (2) Constant 
Illumination—seeds and tap water were 
placed in covered petri dishes on a desk 
onto which a 100-watt bulb from a table 
lamp shone from a distance of approxi- 
mately 1 foot constantly during the period 
of testing. Temperature variations mea- 
sured over a 13-day period ranged from an 
average daily maximum of 87 degrees F. 
to an average daily minimum of 81 degrees 
F. The extremes for the 13 days were 92 
and 78 degrees. (3) Outside Temperature 
and Light—seeds were placed in an 8-dram 
vial half full of tap water and placed outside 
during April and June on a west exposure. 
The tests made after 7 months storage were 
made in St. Paul in April and the tests after 
9 months were made at the refuge in late 
May and June. 

In all tests, the majority of any germina- 
tion that occurred was completed within 2 
weeks. Most tests were allowed to run a 
month. 

Results.—In tests on lots 2, 3, and 4, no 
significant germination occurred after 3 and 
6 months “planned” storage. Thus, only 1 
test of 24 conducted under germination 
conditions of both Room Temperature and 
Light, and Constant Illumination showed 
a l percent germination. Lot 1 had been 


stored in grain sacks in an unheated granary 
for 12 months prior to being placed into 
“planned” storage and thus had had an addi- 
tional year of total storage time prior to the 
germination tests over lots 2, 3, and 4. No 
germination was obtained in 10 tests with 
lot 1 after 3 and 6 months “planned” storage 
under germination conditions of Room Tem- 
perature and Light, and Constant Illumina- 
tion. Three tests were run on lot 3 after 7 
months’ “planned” storage under germina- 
tion conditions of Outside Temperature and 
only 1 showed a 2 percent germination. 
There was sporadic germination after 9 
months’ “planned” storage in lots 1, 3, and 4 
(no tests made on lot 2) but the lots stored 
wet at outside temperature showed no ger- 
mination after 9 months. 

In contrast, lots 1, 3, and 4 stored in glass 
bags under natural water for 8 months at 
the refuge germinated well under Outside 
Temperature and Light conditions and 
fairly well under Constant Illumination. 

In summary then, a comparison of the 
germination of the various lots revealed 
that the seed stored in glass bags under 
water at the refuge had the highest ger- 
mination ranging roughly at 50 percent. 
Also, the germination of lot 1 which had 
been stored for 12 months in grain sacks 
prior to being placed into “planned” storage 
was essentially the same as those lots which 
were placed into “planned” storage imme- 
diately after harvest. In general, soft-stem 
bulrush seed seemed to germinate more 
readily in these tests than hard-stem bul- 
rush (Table 1). 

At the time that the natural-water-stored 
seed was first tested, it was obvious that a 
large quantity of seed stored in this manner 
would not be adaptable to airplane seeding 
since the wet seed would not feed through 
the automatic seeding equipment. Because 
of this problem, a sub-sample of each lot 
of natural-water-stored seed was placed be- 
tween paper toweling, allowed to dry at 
room temperature for 1 month, and then 
tested under Outside Temperature and 
Light conditions. The tests show that al- 
though the germination was somewhat re- 
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TABLE 1.—GERMINATION PERCENTAGES OF SCIRPUS SEED 














— 





“Planned”’! GERMINATION Connrrios 
Storage Seed Lot es 
Condition Constant Outside Temperature 
Illumination and Light 

Room temp. stored 9 mo. 1-S. validus one 23 
3-S. validus — 25 
4-S. acutus — 2 
Outside dry stored 9 mo. 1-S. validus — 0 
3-S. validus — 3 
4-S. acutus — 5 
Outside wet stored 9 mo. 1-S. validus — 0 
3-S. validus — 0 
4-S. acutus — 0 
Natural water stored 8 mo. 1-S. validus 32 56 
3-S. validus 28 60 
4-S. acutus 14 53 
Natural water stored 8 mo., 1-S. validus — 50 
then dried 1 month 3-S. validus _— 44 
4-S. acutus a 42 


1 Lot 1 also had been stored in grain sacks in an unheated granary for 12 months immediately prior to placement into 


this storage. 


duced after drying, reasonable germination 
still occurred (Table 1). 

Special-mid-storage illumination _ treat- 
ment.—Some samples of seed were taken 
from the various storage conditions after 
3 months, placed under constant illumina- 
tion in water for 3 weeks and then placed 
into outside-wet storage for 3 additional 
months. At the end of the 7-month period, 
the seed were set to germinate under con- 
ditions of Outside Temperature and Light 
(Table 2). 

This treatment resulted in considerably 


increased germination percentages for seed 
stored at room temperature (dry) and out- 
side temperature (dry). Both soft-stem and 
hard-stem showed increased germination. 
The seed stored at Outside Temperature 
(wet) still failed to show substantial ger- 
mination. No tests were made under these 
conditions on seed stored in natural water. 
It is not known whether the increased ger- 
mination was the result of the illumination 
or to the change to outside temperature wet 
storage or to a combination of both. 
Pre-storage treatments.—Samples of two 


TABLE 2.—GERMINATION PERCENTAGES OF SCIRPUS SEED SUBJECTED TO MANIPULATION OF LIGHT AND 
MotsturE DurRING STORAGE (SEE TEXT) 





INITIAL STORAGE CONDITION 








Lot Treatment ——-——_— —— - 
Room Temperature-Dry Outside-Dry Outside-Wet 
1-S. validus 9 mo. control 23 0 0 
Treated 49 — — 
2-S. validus Treated 41 — — 
3-S. validus 7 mo. control 2 0 0 
9 mo. control 25 a 0 
Treated — 12 0 
4-S. acutus 9 mo. control 2 5 0 
Treated 46 48 7 
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TABLE 3.—GERMINATION PERCENTAGES OF Scirpus 
validus SEED SUBJECTED TO SEVERAL PRE-STORAGE 
TREATMENTS 








INITIAL STORAGE CONDITION 








Lot Pretreatment Room Room 
Temp.- Temp.- 
Dry Wet 
1 Control 49 a 
Mallard-fed 0 4 
Frozen 10 days 42 37 
2 Control 41 — 
Mallard-fed 0 ii 
Frozen 10 days 22 


35 


lots of soft-stem bulrush seed were subjected 
to pre-storage treatments. One sample of 
each lot was frozen in ice for 10 days, 
thawed, and then placed into “planned” 
storage. The other sample of each lot was 
fed to a female mallard duck (Anas pla- 
tyrhynchos ); the droppings were collected, 
and intact seeds that had passed through 
the digestive tract were separated from the 
droppings and placed into “planned” stor- 
age. The seeds were taken from storage 
after 3 months, placed under illumination 
for 3 weeks, and then placed into outside- 
wet storage for 3 additional months. After 
a total of 7 months, the seeds were set to 
germinate under Outside Temperature con- 
ditions (Table 3). A comparison of the 
control and the seed which had been col- 
lected from the mallard droppings shows 
that the seed that had passed through the 
mallard were materially reduced in ger- 
mination. This is in contrast to results of 
Low (1937). He recorded a germination of 
94 percent with prairie bulrush (Scirpus 
paludosus Nels.) seed which had been 
passed through a duck. The results con- 
cerning the seed frozen prior to “planned” 
storage were inconclusive. 

In addition to these tests, unsuccessful 
tests were also made on these sub-samples 
of seed after 3 months’ “planned” storage 
(mallard-fed and frozen) and 6 months’ 
“planned” storage (frozen only) under ger- 
mination conditions of Room Temperature, 
and Constant Illumination. In these tests, 
out of 8 tests on the mallard-fed seed, a 
2 percent germination occurred in 1 test; 


and of 12 tests on the frozen seed, a 1 percent 
germination occurred in 2 tests. At the same 
time, of six tests on the control group, no 
germination occurred. These unsuccessful 
tests were with sub-samples of seed which 
had not been given the mid-storage illumi- 
nation treatment. 

Post-storage treatments.—Samples of Lot 
No. 3 of soft-stem bulrush seed were taken 
from each of three “planned” storage condi- 
tions at the end of 7 months’ storage. The 
three conditions tested were Room Tem- 
perature Dry, Outside Temperature Dry, 
and Outside Temperature Wet. Four ger- 
mination tests were made under conditions 
of Outside Temperature and Light. One of 
these in each case was used as a control. 
The remaining three were subjected to 
the following post-storage treatments imme- 
diately prior to being set to germinate: (1) 
five days’ constant illumination under tap 
water; (2) three days’ constant illumination 
under tap water followed by 3 days’ freezing 
in ice; (3) five days’ freezing in ice. No 
appreciable germination was obtained from 
any of these post-storage treatments or from 
the control. 


PLANTING EXPERIMENTS 


A series of planting experiments was con- 
ducted on the mud flats to test the field ap- 
plication of the seeding operations and of 
the germination experiments. Each test was 
laid out on a square yard of bare newly ex- 
posed mud flat. Half of this quadrat was 
designated as control area and half as experi- 
mental area. Half of the control area and 
half of the experimental area was protected 
from disturbance by rodents, birds, etc., by 
enclosure under a screen of %-inch mesh 
hardware cloth 18 inches wide, 36 inches 
long, and 9 inches high. The other half of 
each area was left unprotected. This re- 
sulted in the establishment of 4 subquadrats 
each 18 inches square; 1 seeded and pro- 
tected; 1 seeded and unprotected; 1 unseed- 
ed and protected; and 1 unseeded and 
unprotected. The soil in an 18-inch strip 
down the center of the square yard was 
turned over by hand to a depth of approxi- 
mately 2 inches immediately prior to seed- 


138 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 24, No. 2, Aprit 1960 


ing. This resulted in a condition where half 
of each of the 4 subquadrants was “plowed,” 
and the other half was left “unplowed.” 

Two methods of planting were employed. 
In some cases the seed were planted in rows 
running crosswise to the plot so that the 
row sampled both the “plowed” and the 
“unplowed” portions. Some seed were 
planted beneath the surface of these rows 
at about %- to %-inch depth. The seed 
in the other rows were merely spilled onto 
the surface of the mud flat in a row to simu- 
late broadcast seeding procedures. The 
other method of planting was to broadcast 
the allotted amount of seed evenly over the 
entire 18-inch square subquadrat. Rates of 
seeding were very heavy in most cases. One- 
half of an 8-dram vial was used per 18-inch 
square subquadrat in all cases except those 
instances where the seed had had some kind 
of pretreatment in which case the rate of 
seeding was determined by the availability 
of the seed. 

Results of quadrats planted in the spring. 
—Five tests were made in which the seeds 
were planted during the spring. One of 
these tests was started in July 1953 and the 
other four in May 1954. No bulrush seed- 
lings became established as a result of these 
tests. This was in spite of the fact that the 
1953 planting had two growing seasons of 
mud flat conditions available and that in 
one of the tests, the seed used had been 
stored in natural water and had showed a 
50-60 percent germination. In the latter 
case, there is a possibility that rain water 
removed the seed from the test area shortly 
after it was broadcast. 

Results of quadrats planted in fall—Four 
quadrats were planted on newly exposed 
mud flats in mid-September 1953. These 
tests used seed which had been stored for 
12 months in grain sacks in an unheated 
granary, freshly harvested seed, fresh seed 
which had been frozen in ice for 10 days 
prior to being seeded, and fresh seed which 
had been fed to a mallard and recovered 
from the droppings prior to seeding. Only 
lots of soft-stem bulrush were used. In three 
of the four cases, seedlings by the hundreds 
had become established by late May 1954, 


and by August 1954, a year after the initia] 
seeding, all four test quadrats had a thick 
mat of bulrush plants established, a condj. 
tion not found on the adjacent unseeded 
areas. In the case of the test that used the 
mallard-fed seed, it is suspected that the 
seedlings resulted from the germination of 
control seed planted in rows adjacent to 
those that held the mallard-fed seed. It was 
impossible to determine this conclusively 
because rainfall, snowfall, and runoff during 
the winter apparently had spread the con. 
trol seed over the entire plot. 


RECOMMENDATIONS 


In view of the findings of these germina- 
tion and planting experiments, spring broad- 
casting by airplane of bulrush seed on mud 
flats, with seed that has been stored over- 
winter under dry conditions, is of question- 
able value. Although the planting tests on 
seed stored over winter in glass cloth sacks 
in natural water are inconclusive, the follow- 
ing tentative recommendations are made: 
Where seeding and drawdown operations 
are to be combined and a spring drawdown 
is desired, the bulrush seed to be used in 
the seeding operation should be placed in 
containers which will allow water circula- 
tion and stored in the field over winter under 
water. A convenient section of pool, per- 
haps a water-filled ditch or borrow pit may 
be used for this purpose. The seed should 
be removed 3 to 4 weeks prior to the time 
of seeding and spread out in a dark place 
and allowed to air dry to the point where it 
can be handled by airplane seeding equip- 
ment. Care should be taken to prevent 
mold. If the seed is to be planted by hand, 
it should be kept wet until the time of 
seeding. 

Planting in combination with a fall draw- 
down appears much more desirable. Here, 
dry bulrush seed should be seeded directly 
onto the newly exposed mud flats at the end 
of the growing season. As with spring seed- 
ing, the flats should be very wet. When 
seeded in fall, the flats should be held just 
barely awash or nearly so during the inter- 
vening winter. The flats should be re- 
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exposed and held very wet early the follow- 
ing spring. 
SUMMARY 


Five storage and three germination con- 
ditions were tested on three lots of soft-stem 
bulrush and one lot of hard-stem bulrush 
seed. No appreciable germination was ob- 
tained after 3, 6, and 7 months’ storage in 
any of the tests. Manipulation of illumina- 
tion and moisture during storage increased 
germination percentages somewhat. Seed 
stored under natural water all winter and 
germinated under natural conditions had 
the highest germination percentages. Soft- 
stemmed bulrush seed which had been fed 
to a mallard duck and recovered from the 
droppings was reduced in its germination 
compared to seed which had not been fed. 
Five lots of seed were planted in the spring 
and no seedlings became established. In 
contrast, all of four plantings made in the 
fall after the growing season developed 


heavy stands of seedlings the following 
spring and summer. Two methods of com- 
bining drawdown operations and bulrush 
seeding are suggested. 
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SONGBIRD BREEDING POPULATIONS IN DDT-SPRAYED DUTCH 
ELM DISEASE COMMUNITIES 


L. Barrie Hunt 


Department of Forestry and Wildlife Management, University of Wisconsin, Madison 6, Wisconsin 


This study is a preliminary investigation 
of the effects of 3 years of DDT spraying 
for Dutch elm disease control upon song- 
bird breeding populations in residential 
communities. The field work involved a 
l-year comparison of the breeding birds 
in three sprayed and three unsprayed com- 
munities in southeastern Wisconsin. The 
widespread use of DDT for the control of 
Dutch elm disease has resulted in a num- 
ber of published and unpublished reports 
of songbird losses following spray opera- 
tions, but there is a lack of quantitative in- 
formation on songbird densities needed to 
evaluate properly the effects of spraying in 
residential areas over an extended period 
of time. 


Benton (1951) and Blagbrough (1952) 
reported the immediate effects of DDT ap- 
plied to elms in Princeton, New Jersey, in 
terms of bird mortality, breeding popula- 
tions, and nestling survival in sprayed and 
check areas. Another project (Robbins, et 
al., 1951) compared the breeding-bird popu- 
lation in an unsprayed bottomland forest 
with that in a similar area sprayed aerially 
with DDT at 2 lb. or less per acre per year 
for 5 years, but neither the spray application 
nor the nesting environment was typical of 
a Dutch elm disease control situation. Chis- 
holm, et al. (1950) and Lichtenstein (1957 ) 
found DDT to be a comparatively stable 
compound, with gradual accumulations oc- 
curring in natural soils following repeated 
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spray applications, and Barker (1958) was 
the first to link these residues with earth- 
worms and songbird mortality. More re- 
cently, Mehner and Wallace (1959) and 
Wallace (1959) traced robin (Turdus mi- 
gratorius ) mortality and population decline 
on a university campus following recurrent 
DDT applications. 

Dutch elm disease was first detected in 
Wisconsin in July 1956; by the end of that 
year, there were 62 additional confirma- 
tions. In the next 2 years the number of 
new cases rose to 376 and 1,832, and by Oc- 
tober 31, 1959, an additional 3,572 infected 
trees in 15 southeastern counties had been 
reported, according to George E. Hafstad 
of the Plant Industry Division of the Wis- 
consin State Department of Agriculture 
(pers. comm.). A number of Wisconsin 
communities initiated municipal spray pro- 
grams in 1956, and local newspapers first 
reported bird mortality attributed to DDT 
poisoning in May 1957. As Dutch elm dis- 
ease continues to spread, the number of 
Wisconsin communities applying DDT is 
increasing. State regulations now tend to 
restrict municipal spraying to the tree- 
dormant period between October 15 and 
April 15 in southern Wisconsin. 

This study was carried out under a con- 
tract-research agreement with the U.S. Fish 
and Wildlife Service, and was supported in 
part by the Wisconsin Alumni Research 
Foundation. I am indebted to J. J. Hickey 
for advice and criticism throughout the 
course of the study and to R. A. McCabe, 
G. E. Hafstad, J. H. Evans, D. Mallu, D. 
Tillotson and his students, and M. Donald 
for their contributions to the research proj- 
ect. Invaluable information on municipal 
spray programs in the six study communi- 
ties was provided me by J. G. Marshall, E. 
Odbert, H. M. Swendsen, J. E. Harvey, H. 
Muellner, and H. Albrecht. 


METHODS 


In February 1959, the Plant Industry Di- 
vision of the Wisconsin State Department of 
Agriculture gave me a list of 22 municipali- 
ties as potential study locations. After con- 
sulting local municipal officials, I selected 


JOURNAL OF WILDLIFE MANAGEMENT, VOL. 24, No. 2, Aprit 1960 


three communities for spray studies ani 
three other communities for check studi 
on the basis of their spray history, envirop. 
mental similarities, and geographical loca, 
tion. 

Within each of the six residential cop, 
munities, I attempted to locate two separate [ 
residential census areas of approximately 9 
acres each. The suitability of each plot was 
determined by the uniformity of the e. 
vironment within its boundaries, the pre. 
ence of a similar buffer area around it, and 
the similarity of the plot to the other censy; | 
areas. Areas containing or bordering 
property that was not residential wep 
avoided as much as possible. Those selected 
were subjectively judged to contain trees of 
similar height and a sufficient distribution [ 
of shrubs and conifers to make them highly [ 
attractive to breeding songbirds. Each 
study area was measured with steel tape 
the centers of the street intersections being 
taken as the four corners of the plot. 

I recorded the woody vegetation associ- 
ated with each lot by number and kind, and 
differentiated between municipally main- 
tained street trees growing between street 
and sidewalk and privately maintained trees | 
growing within the borders of the individual 
lots. All hardwood shade trees with an esti- 
mated DBH exceeding 8 in. were recorded. | 
I included all conifers, fruits, and orna- | 
mentals which appeared suitable as a nest | 
site for one or more bird species. Additional | 
woody shrubs providing nesting cover were | 
recorded as present or absent by residential | 
lot. 

From my information on the spray appli- 
cation rate used in a given community, | 
calculated the spray density for a given plot | 
by multiplying the average application of | 
DDT in pounds per tree in the community | 
by the number of mature street elms on that F 
plot and dividing that product by the acre- 7 


a 





aoe 


age of the plot. In the present paper, this | 


quotient is termed the actual spray density ¥ 
expressed in pounds of DDT per acre pet 7 
year. Since approximately one-half the elm 7 


crowns were over the paved streets where 7 


any spray run-off would soon be lost, I cal- 7 
culated a second spray density by multiply- § 





ing OD 
numb 
produ 
clusiv' 
quotie 
densit 
I ce 
tions 
ploye 
walks 
The c 
to Ju 
trips, 
censu 
week 
The 1 
plot 
ment 
April 
tiatio 
begat 
in @ 
trips. 
Ro 
serve 
or bo 
local 
or if 
nest 
activ 


Comm 


Study 
Acreag 


Num 
Cit 
Re 
To 


discre 








dies an 
k Studie; 
ENVirop. 
ical loca. 


tial COm- 
Separate 
nately 9 
plot was 
the en: 
he pres- 
d it, and 
Tr Census 
TINg on 
al were 
selected 
- trees of 


Tibution 


n highly 


Each fF 


el tape, 


1S being 


it. 

1 associ- 
ind, and 
Vy main- 
n street 
ed trees 
lividual 
an esti- 
corded, 
1 orna- 
> a nest 
ditional 
er were 
idential 


y appii- 
inity, | 
en plot 


tion of F 


munity 
on that 
e acre- 
er, this 
density 


re per 


he elm 


where 


a ae, a areas 


SONGBIRD BREEDING PopuLATIONS AFFECTED By DDT—Hunt 


ing one-half the application per tree by the 
number of street elms and dividing this 
product by the acreage of the study plot ex- 
cusive of the total street area. This second 
quotient will be called the effective spray 
density. 

I censused the songbird breeding popula- 
tions using the spot-mapping method em- 
ployed by Williams (1936). All public side- 
walks and alleys were used as census lanes. 
The censusing period extended from April 6 
to June 26, 1959, and included six census 
trips, usually consisting of two complete 
census rounds in each study plot, taken at 2- 
week intervals in each study community. 
The total time spent in censusing a given 
plot depended upon its acreage, environ- 
mental characteristics, and bird density. 
April censuses began each day with the ini- 
tiation of robin song, and later trips usually 
began about sunrise. The first plot censused 
in each community alternated between 
trips. 

Robins, being territorial and readily ob- 
served, were considered as breeding if one 
or both adults was observed within the same 
local area during four of the six census trips, 
or if an active nest was located. An active 
nest is here defined either as one showing 
activity during two consecutive census trips 


14] 


or as one containing nestlings. Other perm- 
anent residents or early-arriving species that 
were not as easily observed were counted 
as breeding pairs if they were found in the 
same locality on three trips or were observed 
nesting; late-arriving species were consid- 
ered to be breeding if found on two of the 
last four trips or if found nesting. Pairs of 
all species that showed regular activity on 
both sides of a boundary street were re- 
corded as half pairs. The names of birds 
follow the check list of the American Ornith- 
ologists’ Union (1957), with scientific names 
included in the body of the text, rather than 
in the tables, for the sake of simplicity. 


Stupy AREAS 


Each of the six census communities (Ta- 
ble 1) was located within the 1959 range of 
Dutch elm disease in the southeastern quar- 
ter of Wisconsin. The three check com- 
munities were Madison in Dane County, 
Portage in Columbia County, and Stoughton 
in Dane County. There had been no munic- 
ipal spray program for Dutch elm disease 
control on or near study plots in any of these 
communities, although there had been mu- 
nicipal spraying for the disease in or near 
Madison and intermittent DDT fogging for 
mosquito control in Portage. Stoughton, 


TABLE 1.—ENVIRONMENTAL FACTORS PRESENT ON THE STUDY AREAS 


UNsSPRAYED COMMUNITIES 





SPRAYED COMMUNITIES 


Shorewood 





Community Madison Portage Stoughton Janesville Wauwatosa 
Study Plot East West East West North North South East West North South 
Acreage 25.6 24.3 24.2 19.9 5.5 19.6 21.5 35.3 38.8 25.4 24.2 
Numbers per 100 acres? 
City blocks 31 a 25 15 16 15 14 23 21 24 17 
Residential lots 418 445 385 356 373 418 428 669 551 508 401 
Total elms 684 803 864 843 463 907 866 980 889 1,015 1,087 
(Street elms 
only) (563) (593) (637) (642) (267) (652) (624) (918) (788) (980) (988) 
Other shade 
trees 649 296 1,030 747 974 367 438 127 209 657 723 
Conifers 348 478 339 356 212 189 116 269 394 126 244 
Fruits, orna- 
mentals 192 502 161 216 208 132 233 130 268 122 219 
All trees 1,873 2,079 2,394 2,161 1,858 1,595 1,653 1,507 1,759 1,921 2,274 
Percent of lots 
with shrubs 19 37 22 20 32 28 21 30 16 31 24 





I cal § 


1 These calculations were made before the acreages were rounded off as above; further rounding off has created minor 


iltiply- 4 discrepancies in the totals shown in the table. 
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which did no municipal spraying, contained 
only one plot suitable for this study. 

The three sprayed communities were 
Janesville in Rock County, and Wauwatosa 
and Shorewood in Milwaukee County. In 
these three, the municipality had sprayed all 
street elms for the past 3 years with mist- 
blower equipment. Upon the recommenda- 
tion of the Wisconsin Department of Agri- 
culture (Chambers, et al., 1957), the spray 
had been mixed from equal volumes of 25 
percent DDT emulsifiable concentrate and 
water giving a 12 percent emulsion in which 
each gallon of spray should contain 1 Ib. of 
actual DDT. The 1958-59 applications were 
limited to the tree-dormant season between 
October 15 and April 15. In Janesville the 
annual application rate was 1 gal. of spray 
(1 Ib. of DDT) per average street elm. The 
1958-59 rate in Wauwatosa was 1 gal. of 
spray to 1.5 street elms (0.67 Ib. of DDT 
per tree). Both Wauwatosa plots were pur- 
posely enlarged to minimize any local den- 
sity variations when precensus visits ini- 
tially suggested low songbird numbers. The 
Shorewood application rate was 1.75 gal. of 
spray (1.75 lb. of DDT) per average street 
elm. Shorewood North was last treated in 
late 1958, and Shorewood South was last 
sprayed between March 10 and April 10, 
1959. 

When the acreages of all spray and check 
study plots are equalized, the average spray 
plot contained 11 percent fewer blocks, 30 
percent more lots, 32 percent more elms, 48 
percent fewer shade trees of other species, 
29 percent fewer conifers, 27 percent fewer 
fruits and ornamentals, 14 percent fewer 
trees of all types, and 1 percent fewer of the 
lots present with additional shrubs. Madi- 
son East, which had the highest songbird 
density, had only one environmental factor 
(most blocks per 100 acres) which was 
above or below that found in any other 
area, while Shorewood North, with the low- 
est total breeding density, also had only one 
extreme factor (fewest fruits and ornamen- 
tals per 100 acres). 

The occurrence of fewer blocks on the 
average sprayed plot indicates that indi- 
vidual blocks were larger and that the paved 





JOURNAL OF WILDLIFE MANAGEMENT, VOL. 24, No. 2, Aprit 1960 


street area within the plot was less. These 
conditions increased the amount of layy 
area within the census units, but they also 
reduced the number of street trees present 
The greater number of residential lots pres. 
ent was a function of both greater block area 
per census unit and smaller individual |o 
size. The increase in lots placed more of 
the total surface area under buildings and 
reduced individual lawn size, but it also 
created more edge effect in the form of 
property-line hedges and shrubs. More than 
95 percent of the lots on all study areas con. 
tained a house. 

From observations of 406 nests in trees, | 
noted that some bird species preferred cer. 
tain tree types as nest sites, and an addi- 
tional 96 nests were located in or on shrubs, 
buildings, bird houses, and telephone poles, 
It appeared that surplus nest sites were 
available on all study plots, and I felt that 
each plot provided a suitable natural en- 
vironment for high nest densities of most 
species of birds. 


POPULATION COMPARISONS 


Robin.—Some robins were present on all 
study areas prior to the first census, and in 
unsprayed communities their numbers in- 
creased rapidly until breeding densities 
(Table 2) were reached. On the first cen- 
sus trip, robin densities in Janesville and 
Wauwatosa were only slightly below those 
in the check communities, but in subsequent 
censuses the recorded numbers in these 
sprayed areas increased slightly or declined 
as much as 40 percent. Initial robin num- 
bers in both Shorewood areas were extreme- 
ly low and continued to decline. The full 
robin breeding density on unsprayed plots 
was thus fully evident by May 16, but the 
breeding densities on unsprayed plots did 
not become relatively stable until approxi- 
mately 2 weeks later. I observed robins with 
tremors typical of DDT poisoning on each 
of the sprayed study areas, but none on the 
check areas. DeWitt (1956) reported the 
adverse effect of DDT on the reproductive 
success of experimental birds, but I obtained 
no quantitative field evidence to compare 
with his findings. In three separate robin 
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TABLE 2.—SONGBIRD CENsus REsULTs EXPRESSED IN BREEDING Pairs PER 100 Acres? 
UNSPRAYED COMMUNITIES SPRAYED COMMUNITIES 

Community Madison Portage Stoughton Janesville Wauwatosa Shorewood 
Study Plot East West East West North North South East West North South 
Acreage ; ... 25.6 24.3 24.2 19.9 25.5 19.6 21.5 35.3 38.8 25.4 24.2 
No. of Complete Censuses 10 11 11 ll 12 12 13 13 13 ll ll 
Total Census Hours 19.5 18.4 18.0 16.4 19.2 14.7 14.1 18.8 18.0 8.8 10.4 
Lb. of DDT per Acre : : _ : é 

Actual : None None None None None 6.5 6.2 6.2 5.3 q7.1 17.3 

Effective ------- _None None None None _ None 3.7 3.6 3.5 3.0 9.4 9.9 
Robin 195 165 161 198 159 69 40 52 54 4 2 
Common grackle 49 45 50 48 35 28 58 17 32 4 6 
House wren 39 58 12 30 43 Si 42 3 iid 4 4 
Mourning dove 29 21 31 50 39 28 28 8 18 4 4 
Starling 37 4 23 10 73 20 74 14 3 4 17 
Blue jay 51 25 17 15 31 15 28 8 10 14 6 
Catbird 33 41 17 5 22 10 0 0 8 0 a 
Chipping sparrow 0 2 23 38 + 0 + 0 8 0 0 
Baltimore oriole + 8 21 20 6 15 5 “ 3 3 
Yellow-shafted flicker 4 4 8 5 6 8 12 + 1 4 + 
Cardinal 8 6 8 5 0 10 v4 0 0 0 — 
Rose-breasted grosbeak 2 + _ + aa 8 7 0 1 0 0 
White-breasted nuthatch 0 2 4 ae z 0 0 0 0 0 0 
Scarlet tanager Z 0 0 a 0 0 + 0 0 0 0 
Total pairs” 449 381 374 425 416 263 300 103 ~~ 155 37 41 
Total species* 14 13 16 15 14 i323 13 8 12 8 pb 





1§pecies recorded as a plus (+) were observed after the n 
breeding pair. 

2 Discrepancies in totals result from rounding off. 

3In addition, the following species occurred as a plus (+) 


ormal migratory period, but did not meet the criteria of a 


on the study plots listed: Eastern wood pewee on Portage 


East, Janesville South and Shorewood South, red-eyed vireo on Janesville North and Wauwatosa West, cuckoo (sp.) on 
Portage East, red-headed woodpecker on Portage West, downy woodpecker on Stoughton North, great crested flycatcher 
on Shorewood South, black-capped chickadee on Madison East, wood thrush on Madison East, warbling vireo on Portage 
East, and song sparrow on Stoughton North. Rock doves, chimney swifts, purple martins, cedar waxwings, and American 
goldfinches were not censused; house sparrows were incompletely censused. 


territories I observed a nest-building robin 
accompanied by a mate with tremors. In 
another territory where I noted an adult 
with tremors, it was followed by two fledg- 
lings. I observed robin nestlings and fledg- 
lings on all study areas except in Shorewood, 
but the time interval between my census 
trips made it impossible to determine ac- 
curately the number of successful nests and 
young fledged. 

Cooperators provided additional informa- 
tion on robin numbers and activity in the 
sprayed communities. Miss Diane Mallu, 
under the guidance of J. Harwood Evans, 
conducted eight surveys on Janesville South 
from June 16 to July 2, 1959, and recorded 
the number, age and location of robins ob- 
served. Her report indicated that some pairs 
fledged young in late June, but that the lo- 


cation of both adults and juveniles at this 
time was influenced by the presence of ripe 
berries. David Tillotson and his biology 
students at Wauwatosa Senior High School 
distributed questionnaires to the 214 resi- 
dences in Wauwatosa West. From the 34 
replies that were later collected, there were 
reports of 7 robin nests that fledged 15 
young and 4 other nests that were aban- 
doned. All 11 nests were on lots where I 
had also located a nest or recorded part of a 
robin territory. Ten residents in Wauwatosa 
West reported finding 16 dead robins in 
their yards during the spring of 1959. In 
Shorewood, Miss Mary Donald surveyed 
both study areas 12 times between May 18 
and June 27, 1959, and found an adult robin 
in each area on only one trip. She again 
heard a robin singing in each area in late 
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July, but observed no young at any time. 

Permanent residents and early migrants. 
—Species in this group, which are normally 
present in Dane County before April 15 
(Schorger, 1929, 1931), could be affected 
by actual spray operations. Common grack- 
les (Quiscalus quiscula) reached their peak 
census densities in most plots in early May, 
and nesting colonies were usually associated 
with conifers on the areas. My census fig- 
ures are based largely on nest-site activity, 
since adults were observed to travel consid- 
erable distances during both courtship and 
food-gathering, and fledglings soon left the 
vicinity of the nest. I found no nests within 
the boundaries of either Shorewood area, 
although occasional juveniles were observed 
there. Mourning doves (Zenaidura mac- 
roura) seemed to increase gradually over 
the census period, but this phenomenon may 
have resulted from difficulties I encountered 
in determining the location of individual 
pairs. Single adults, presumably males, used 
several cooing perches over a general area, 
and courtship flights involving two or more 
birds frequently began or ended out of sight. 
At least one juvenile was observed in each 
of the six communities. 

Breeding densities of starlings (Sturnus 
vulgaris), and to a lesser extent yellow- 
shafted flickers (Colaptes auratus), are in- 
fluenced by the number of natural or arti- 
ficial cavities in trees, telephone poles, or 
buildings which are available as nest sites. 
The condition of both houses and trees in 
Madison West and Wauwatosa West was 
such that cavities were limited, and this is 
reflected in starling densities on both plots. 
All other study areas contained a number of 
potential nest sites for these two species. I 
picked up one adult starling with severe 
tremors on Shorewood North, but later I ob- 
served a few juveniles on both Shorewood 
plots. 

Blue jays (Cyanocitta cristata) are in- 
cluded in this group, although many adults 
probably arrive well after April 15. Some 
nesting activity was observed on every plot 
but Shorewood South. Cardinals (Richmon- 
dena cardinalis) and white-breasted nut- 
hatches (Sitta carolinensis) were both low- 
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density species, but it may be significan 
that nuthatches bred on three of the fiye 
check areas and were recorded as visitor 
on another, but were never observed on any 
of the sprayed plots. Red-headed wood. 
peckers (Melanerpes erythrocephalus) 
downy woodpeckers (Dendrocopos pubes. 
cens ), black-capped chickadees ( Parus atri. 
capillus), and song sparrows (Melospizg 
melodia) each appeared only as visitors op 
a single census plot. House sparrows (Passer 
domesticus), although incompletely cep. 
sused, were present in both Shorewood areas 
in numbers ecual to or above those in the 
other plots. Rock doves (Columba livia), 
purple martins (Progne subis), cedar wax. 
wings (Bombycilla cedrorum), and Ameri- 
can goldfinches (Spinus tristis) were not 
censused. 

Late migrants—The following species, 
which normally arrive in Dane County after 
April 15 (Schorger, 1929, 1931), would only 
be subject to the residual effects of DDT 
in a dormant application. House wrens 
(Troglodytes aedon) first appeared on the 
study areas in early May and reached their 
peak by the end of that month. Singing 
males and pair activity about a bird house 
were the best indicators of pair location. 
The number of nest boxes available ex- 
ceeded the breeding pairs present on all 
study plots. Miss Donald heard one wren 
singing on each Shorewood area as late as 
July 25, 1959. Catbirds (Dumetella caroli- 
nensis) also arrived in early May and were 
usually associated with woody shrubs. | 
found that this species decreased or was 
absent in all sprayed areas during the cen- 
sus period, and Miss Donald found no cat- 
birds in her Shorewood surveys. 

Chipping sparrows (Spizella passerina) 
seemed to require an open habitat without 
dense tree cover, and no such areas existed 
in Madison East, Shorewood North or 
Shorewood South. Numbers did not de- 
crease appreciably on any plot during the 
census period. Baltimore orioles (Icterus 
galbula) arrived in early May, and I ob- 
served active nests in Portage, Stoughton, 
and Janesville. More than one pair of rose- 
breasted grosbeaks (Pheucticus ludovician- 
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us) occurred only on the two Janesville areas, 
where two observed nests failed for un- 
known reasons. Scarlet tanagers ( Piranga 
olivacea), Eastern wood pewees (Contopus 
virens), red-eyed vireos (Vireo olivaceus), 
cuckoos (Coccyzus sp.), great crested fly- 
catchers (Myiarchus crinitus), wood thrushes 
(Hylocichla mustelina ), and warbling vireos 
(Vireo gilvus) appeared only as half pairs 
or as visitors on one or more study areas. 
Chimney swifts (Chaetura pelagica) were 
not censused. 


DISCUSSION 


I wish to emphasize (1) that plots cen- 
sused in this study were not selected in a 
random manner and (2) that the compari- 
son between sprayed and unsprayed areas 
is presented here despite numerous secon- 
dary environmental differences which may 
have affected bird populations in the two 
types. Although the average breeding-bird 
density on the sprayed plots was 66 percent 
below that on the unsprayed plots, one can- 
not extrapolate from these results to the 
average Wisconsin community using DDT 
to control Dutch elm disease. The sprayed 
plots reported on here contained a high con- 


centration of large elm trees near the center 
of a sprayed community. It follows that the 
wildlife effects of a Dutch elm disease con- 
trol program will be less where there are 
fewer elms per acre or smaller elms that will 
require less DDT. Near the periphery of 
sprayed towns the ingress of young birds or 
yearlings from nonsprayed areas may mask 
the lethal effects of DDT upon local birds. 
The Dutch elm disease control program 
in each of the three spray communities stud- 
ied included certain procedures recom- 
mended by the U.S. Fish and Wildlife Serv- 
ice (Stickel and Springer, 1957) for reduc- 
ing the hazards to wildlife. During 1958-59, 
each community used mist blowers and 
sprayed during the dormant season. Since 
one would assume that the total breeding 
density would be inversely proportional to 
the amount of DDT applied, it is difficult 
to explain the difference in songbird num- 
bers between Janesville and Wauwatosa, 
which had similar spray programs. While 
Wauwatosa contained less suitable nesting 
environments for certain species, it is possi- 
ble that this city’s applications during both 
dormant and foliar seasons in previous years 
affected current populations. If my judg- 


TABLE 3.—SONGBIRD BREEDING DENSITIES IN THREE SPRAYED COMMUNITIES EXPRESSED AS A PERCENTAGE 


OF THE Pairs PER 100 ACRES IN THE AVERAGE UNSPRAYED COMMUNITY 





Check 


Community ee, : E 
Total Acreage ; 119.5 
Lb. DDT per Acre 

Actual ' .._ None 

Effective None 

Species Pairs. 

Robin 175 
Common grackle 45 
House wren 37 
Mourning dove 33 
Starling 31 
Blue jay 28 
Catbird 24 
Chipping sparrow ll 
Baltimore oriole 10 
Flicker 5 
Cardinal 5 
Others! 3 
All species* 409 

(Excluding robin ) 


(234) 


1 Includes rose-breasted grosbeak, white-breasted nuthatch, and scarlet tanager. 
2 Discrepancies in totals result from rounding off. 


4 Wauwatosa” "Shorewood — 





Janesville Wauwatosa 
41.1 74.1 49.6 
6.4 5.7 17.2 
3.7 3.3 9.6 
Percent Percent Percent 
31 30 2 
97 55 1l 
126 27 11 
84 40 12 
159 26 33 
77 33 35 
20 16 0 
0 35 0 
92 12 10 
180 13 37 
157 0 0 
292 28 0 
69 32 10 


(98) (33) (15) 
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ment of Shorewood as containing above- 
average songbird habitat is correct, then its 
low songbird density in 1959 could only be 
a reflection of the much greater amounts of 
DDT that this community uses in its Dutch 
elm disease control program. 

On the sprayed plots my casual observa- 
tions of spring migrants passing through to 
breed farther north indicated that spray 
procedures in these three municipalities pro- 
duced only slight losses among such species. 
However, a comparison of the average song- 
bird breeding density in each spray com- 
munity with that in the average check com- 
munity (Table 3) indicates that these spray 
precautions were inadequate to protect and 
maintain normal nesting populations. From 
our limited knowledge of the population 
dynamics of songbirds in stable communi- 
ties, it seems likely that breeding densities 
of birds on the unsprayed study areas will 
vary in future years, but—barring major 
natural or artificial changes in the nesting 
environment—there is little likelihood that 
this variation will approach the magnitude 
of the differences reported here between 
sprayed and unsprayed residential com- 
munities. 


SUMMARY 


In the spring of 1959, 11 quadrats (aver- 
aging 25.8 acres) in southeastern Wisconsin 
were censused to evaluate the possible ad- 
verse effects to birds of spraying all street 
elms with annual, dormant applications of 
mist-blown DDT to control Dutch elm dis- 
ease. In three unsprayed communities (Mad- 
ison, Portage, and Stoughton), five resi- 
dential plots averaged 409 songbird breed- 
ing pairs per 100 acres. In three sprayed 
communities where six quadrats were dis- 
tributed, the total density of breeding was 
31 percent lower in Janesville, 68 percent 
lower in Wauwatosa, and 90 percent lower 
in Shorewood. Robin populations in these 
sprayed communities were 69, 70 and 98 
percent below that in the average unsprayed 


community. Densities of 13 other censuseq 
species were moderately to irregularly lower 
on the sprayed plots, or occurred normally 
in numbers too low for meaningful com. 
parison. 
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FOREST WILDLIFE MANAGEMENT IN GERMANY 


William L. Webb 


Department of Forest Zoology, State University College of Forestry, 
at Syracuse University, Syracuse 10, N.Y. 


No forester or wildlife manager traveling 
in Germany can fail to be stimulated by his 
experiences. German forests look quite dif- 
ferent from most American forests. The 
game animals are of entirely different 
species and have different life histories and 
ecology. The management techniques, if 
not completely strange, are used in a dif- 
ferent way and with different purposes. It 
is true that German forestry and German 
game management are not applicable to 
American game species, to our sociological 
or economic conditions, or to our traditions. 
Our culture and traditions are as different 
from those of Germany as is our population 
density and intensity of land use. 

In spite of the differences, much can be 
learned by a study of German conditions. 
For me, the benefits fell into two categories: 
first, foreign travel gave me a chance to 
“see” my profession from a distance and see 
it in a perspective that is difficult when I 
am at home, faced with daily problems as 
well as long-range problems; second, travel 
in Germany gave me a chance to see land 
use in a country which has a human popu- 
lation density far greater than that of the 
United States. Study of land use with such 
demands on the natural resources is, for an 
American, a glimpse into the future, since 
demographers predict that soon we shall 
have such demands. It is the “glimpse of 
the future” which I hope will emerge in the 
account given here. 

My stay in Germany was too short for me 
to feel that I thoroughly understood condi- 
tions, or to see all parts of the country. The 
period from October through December 
1957 was spent in West Germany. I used 
a car, so it was possible to travel freely even 
in rather remote sections. Most of the 
time was spent in the Solling and Harz 
regions of Lower Saxony; the Westerwald, 
Eifel, Hunsriick, and Pfalzerwald regions 
of Rheinland-Pfalz; the Schwarzwald of 


Baden-Wiirttemburg; and forest districts in 
the vicinity of Munich and Berchtesgaden 
in Bavaria. 

Many foresters made my stay pleasant 
and profitable. Herr Wolfgang Koehler, 
Forestry Secretary, of the Embassy Staff of 
the Bundesrepublik Deutschland at Wash- 
ington, D.C., was especially helpful in 
making arrangements and in establishing 
contact with the various forest officers. 
Especial thanks are due to Professor F. 
Niisslein, Director of the Institut fiir Jagd- 
kunde of the Georg-August-Universitat 
G6ttingen in Hann. Miinden. Professor 
Niisslein took a great deal of time from his 
busy schedule as Dean of the Forestry Col- 
lege and Institute Director to make arrange- 
ments for travel and to discuss problems of 
German game management. Members of 
Professor Niisslein’s staff and many other 
foresters gave freely of their time to conduct 
me on tours of their forest districts and to 
discuss problems of forest and game man- 
agement. Thanks are due to each of these 
men for their courtesy and patience. 

It should be emphasized that I limited my 
interest in Germany to problems of forest 
game. This was partly because of a personal 
predilection in this direction and partly to 
focus as much as possible on one phase of 
German game management, to gain some- 
thing in depth rather than scope. Since 
forest game is given greatest consideration 
in Germany, this focused attention on the 
area where the Germans devote most effort 
and thought. 

The accuracy of all observations is rela- 
tive, and I make no pretense of having 
learned all the answers in a few months in 
Germany. It is difficult enough to general- 
ize accurately on home ground. On foreign 
soil the urge to generalize is great, but the 
basis is often too small. However, to avoid 
generalizations for fear of imparting some 
wrong impressions would certainly negate 
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any value in foreign study. I shall try to 
generalize on German forest-game manage- 
ment without bias, and hope that other 
generalizers will point out where they dis- 
agree with my observations. 

I would first like to discuss the forests of 
Germany in general because some knowl- 
edge of forest history and silviculture is 
needed to understand the habitat of the 
game. This will be followed by sections on 
the game and the hunter. In the section on 
the forest, the game, and the hunter, some 
of the interrelations will be discussed. 


THE FOREST 


History —Aldo Leopold (1936a) superbly 
and succinctly reviewed the history of Ger- 
man forestry and German wildlife manage- 
ment. I shall attempt only to summarize 
what he wrote, and do so with the hope that 
interested readers will take time to read his 
excellent review and interpretation. 

Leopold recognized seven periods in the 
history of use of German forests. The first 
of these periods was when human activities 
had little effect on the forests or on the 
animals of the forests. These original for- 
ests were predominantly hardwood stands. 
Spruce and fir were present at high alti- 
tudes, and pine was found in sandy sites, 
but all the forests had important hardwood 
components and a hardwood understory of 
subordinate vegetation. In these original 
forests the purpose of hunting was to pro- 
cure meat for consumption by the hunter 
and his family. 

With the development of the feudal sys- 
tem the powerful landowners claimed large 
forest areas as their personal property and 
prohibited any but the feudal lords from 
hunting game. In this period, which lasted 
from 1100 to 1400, hunting evolved from 
a meat industry into a sport. No forest man- 
agement was practiced in this period, but 
some efforts were made to conserve oak 
and beech as mast trees for game-food 
production. 

The idea of game management originated 
and flourished in the third period, from 
1400 to 1618. Part of the management ef- 
forts were political, involving negotiation of 


treaties between local rulers to govern kil] 
of game. The first professional game man. 
agers were men in each feudal court re. 
sponsible to the local ruler for patrol of the 
forests to prevent poaching. They were also 
responsible for predator control and for 
determining allowable kill of game animals. 
These early game managers came on the 
scene at an auspicious time, since ecological 
conditions following heavy cutting of the 
forests and extensive forest fires had pro- 
duced ideal game conditions. This stage in 
the history of German forests Leopold 
called “the big high” because of good 
hunting. 

The beginning of the Thirty Years’ War 
in 1618 initiated a period of exploitation of 
both game and forests. This exploitation 
period lasted until about 1700. The 30 years 
of strife disorganized patrol activities and 
filled the woods with poachers who lived 
off the land. The advent of firearms in the 
late 1600's must have significantly increased 
the efficiency of these illegal hunters. Tim- 
ber cutting and game killing depleted the 
supply of both wood and wildlife to a very 
serious extent by the end of this period. 

The extreme exploitation period led in- 
evitably into a period of timber famine 
which lasted until approximately 1810. Tim- 
ber was in such short supply that attempts 
to manage the forests and maintain wood 
production were essential. Earliest forest 
management attempts were those of expe- 
diency. Short cuts such as the coppice 
system were tried, and birch was greatly 
favored because it could be grown on short 
rotations. Leopold nicknames this the pe- 
riod of “Betulamania.” Inevitably this period 
of timber famine and scrub forests was one 
of high game populations, because the final 
destruction of the last of the large predatory 
animals was combined with favorable habi- 
tat conditions for big-game animals. 

Toward the end of the period of exploita- 
tion serious attempts were made to develop 
management of the forest on a rational basis. 
About 1810 a significant discovery was made 
which was to revolutionize forestry. This 
discovery was that when spruce was grown 
in pure stands, with the stems very closely 
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spaced, it out-yielded the faster-growing, 
less numerous stems of the natural forest. 
Within a decade after this discovery, the 
period of “F ichtenomania” (spruce mania ) 
started. The land was clear-cut of its 
existing vegetation, and spruce trees were 
planted at very close spacing to produce 
pure even-aged stands of spruce with no 
hardwoods and almost no subordinate vege- 
tation growing in the deep shade under the 
massed slow-growing canopy. Perhaps this 
period would be more accurately called 
Monoculture, the intensive management of 
pure even-aged stands of spruce. 

In the period from 1810 to the First World 
War, Monoculture spread throughout Ger- 
many (and many other countries where 
German forestry came to be the source of 
much of the world’s knowledge of methods 
of forest management), and spruce was 
planted on a very large part of the forest 
area of that country. The results of Mono- 
culture on the game populations are obvious. 
Where the forest canopy was so dense as 
to nearly prevent survival of subordinate 
vegetation, the game-carrying capacity was 
reduced far below the levels which had been 
possible in the natural forests. At this time 
there were reports that game of several spe- 
cies was damaging the planted forests. 
Heavy browsing sometimes prevented 
growth of young trees, and peeling of bark 
from older trees reduced quality of wood 
produced. Availability of factory-made 
wire-fence materials made it possible to ex- 
clude larger animals from newly planted 
areas and thus mitigate damage—but at a 
considerable expense to the forest owner. 
At the same time there was concern because 
of the low game populations in the closed- 
canopy forests. Obviously these forests pro- 
duced a lot of wood, but they did not pro- 
duce much food for game. This problem 
was met by raising agricultural crops under 
cultivation and feeding these crops to game 
animals in critical periods. This of course 
was an expensive procedure cut was re- 
quired, since so little natural food was pro- 
duced in the intensively managed forests. 

The poor game habitat produced under 
the Monoculture system of silviculture was 


not the factor which resulted in the ques- 
tioning of the system. Instead, wood pro- 
duction appeared to decline after several 
rotations, and this led to the belief that sur- 
face soil fertility was being depleted by the 
shallow-rooted spruce forests. Litter on the 
forest floor failed to decay, and the accumu- 
lating needles formed such a thick blanket 
that even mosses were eliminated. Insect 
epidemics swept through the massed stands. 
Soils became excessively acid. Something 
apparently had to be done, or wood produc- 
tion would become more difficult. 

Leopold believed that the Monoculture 
period ended in 1914, to be followed by the 
period called Dauerwald or permanent 
woods. This implies a selection system of 
forest management, the use of natural repro- 
duction to secure stands not made up of a 
single species, and especially it means the 
mixture of hardwood species with the coni- 
fers so that their deep roots will have an 
ameliorating effect on soil structure and 
fertility. The term Dauerwald is now largely 
replaced by Naturgemédsse Waldwirtschaft, 
or forest management by natural means, in 
which major emphasis is on use of natural 
stand regeneration without planting. My 
purpose in visiting the German forests was 
to see how far the Dauerwald had replaced 
the intensive culture of spruce, and to learn 
what I could of the German methods of 
game management in the forests of today. 

Silviculture—Monoculture is still very 
much a part of German forestry today. 
Leopold (1936a) believed that 1914 marked 
the end of the era. However, many of the 
evils of single-species culture can still be 
seen in German forest districts today, and 
Monoculture is far from dead. Every Ger- 
man Forstmeister knows that these evils 
range from insect problems, through those 
of wind-firmness of spruce plantations, to 
soil depletion following several rotations. 
But so deeply rooted is Monoculture in the 
tradition of German forestry that it will take 
a long time to die. Partly this is due to the 
fact that a change from one silvicultural sys- 
tem to another takes a long time to accom- 
plish because of the long rotation period. 
In fact Monoculture may never die, because 
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under this type of silviculture a greater 
quantity of high quality wood is produced, 
and with use of insecticides and soil amend- 
ments (lime, fertilizer) some of its worst 
features may be ameliorated. Also, Mono- 
culture will not be eliminated easily from 
German forestry practice because it is neat 
and satisfying to the human sense of order. 
Every Forstmeister takes pride in the fact 
that his forests are under complete control 
and they look regular, systematic, and or- 
derly. To change to a more natural forest 
with a variety of tree species and age classes 
is not easy, because the forest loses some of 
its orderly appearance and looks untidy. 
The change from neatness to the general 
untidiness of a mixed forest goes against the 
grain of tradition. Leopold (1936c) said 
“The retreat of the conifers has begun— 
clumps of beech and oak dot the sombre 
green of the heretofore ubiquitous spruces.” 
More than 20 years later I found German 
foresters opposed to Monoculture in prin- 
ciple, but in relatively few instances did I 
see evidence that there was more than a 
beginning of Dauerwald. 

The German forests of today are almost 
exclusively man-made forests. Spruce is 
grown wherever possible because of its high 
yield and the great demand for spruce 
wood. Beech is largely grown where soils 
or climate are less favorable for growth of 
spruce. Pine is grown on sandy soils or 
where the other species are less satisfactory. 

Clear-cutting followed by planting is the 
usual method of forest regeneration. Plant- 
ing is at a spacing of about 1 to 1% meters, 
and the canopy of young stands closes at 
an age of about 10 years. Early thinnings 
are chiefly limited to removal of defective 
trees so the crown is kept closed even early 
in the rotation. Later thinnings are kept 
very light so that growth of individual trees 
is slow, but the massed stems produce a 
high wood yield. The length of the spruce 
rotation is 80 to 100 years. 

The spruce, beech and pine forests at all 
ages are made up of a single species. Be- 
cause of the tightly closed canopy through- 
out nine-tenths of the rotation, there is very 
little subordinate vegetation in a German 
forest. In many stands the ground is covered 
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with needles or leaves, and there is little 
growth even of herbaceous plants in the 
deep shade. 

Diversification of conifer stands with 
some beech is being attempted in some 
areas. This is being done to bring sojj 
nutrients to the surface through the more 
deeply rooted beech. However, in many 
areas the use of lime and commercial fer. 
tilizer as soil amendments is a much more 
common method for ameliorating the effects 
of the shallow-rooted spruce. 

Natural regeneration is being used jn 
some areas. A period of 10 to 20 years ig 
added to the rotation during which natural 
seeding is attempted. In this period thin- 
nings are made to open the mature stand 
and allow some light to reach the forest 
floor. In several cases, I was shown the re- 
sults of such operations. Some foresters 
found this natural growth a very exciting 
addition to their forest management opera- 
tions because it was unique in their years 
of management experience. 

Ownership.—Between one-quarter and 
one-third of the land area of West Germany 
is covered by forests. This is a great com- 
mitment of land to the growing of trees in 
a country with the density of human popu- 
lation of more than 500 persons per square 
mile. Most of this forest land is in managed 
forests, since only about 6 percent of the 
forest area is considered protection forest. 

Only about one-third of the forest land of 
Germany is in private ownership, mostly in 
the form of farm woodlots. Management 
of these small holdings is similar to that on 
public land but seldom as intensive. Per- 
mission is required before an area can be 
logged, and clear-cut areas must be re- 
planted according to law. Technical assist- 
ance is provided to owners of small wood- 
lands to encourage better forestry, but the 
German forester, like his American “forest 
extension” counterpart, often finds that his 
recommendations are ignored. 

The remaining two-thirds of the forest 
land is in public ownership. About one- 
third is owned and managed by the German 
states. Each state maintains a technical staff 
of officials to establish forest management 
policies and standards, and to supervise the 
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application of these standards to the various 
forest districts. Although there is some 
variation between the various states in their 
methods, the general principles of forest and 
game management seem to be much the 
same throughout Germany. The remaining 
one-third of the forest area is owned by local 
governmental units, typically as city or vil- 
lage forests. Management of these commu- 
nitv-owned forests is largely under the 
supervision of the state forestry offices so 
far as technical standards are concerned. 
Therefore, forest management and game 
management methods on two-thirds of the 
forest land of Germany is quite standard- 
ized. Undoubtedly, in many administrative 
details, differences occur of which I am not 
aware, but in terms of basic management 
policies and technical standards and pro- 
cedures the differences are rather slight. 
The visitor to German forests has the feeling 
that one overall supervising body must ex- 
ercise absolute control over the various units 
to produce such a degree of similarity from 
region to region. Actually there is no such 
countrywide authority. The similarity is 
due to the uniformly high demand for wood 
and the application of a time-tested system 
of silviculture. 

All public forest areas are divided into 
forest districts with a technically trained 
Forstmeister in charge of each district. 
Average size of each forest district is about 
5,000 acres of commercial forest land. Each 
Forstmeister has considerable technical as- 
sistance in his own district as well as that 
available from supervising offices. Usually 
several trained foresters work in the Forst- 
meister’s office and assist him with admin- 
istrative and technical details. In addition, 
supervisory foresters from the Oberforst- 
meisters office make frequent inspection 
trips to the forest districts. Most forest dis- 
tricts are divided into four or more reviers 
or ranger districts of about 1,000 acres, with 
a trained ranger in charge of the work in 
his revier. Forest workmen live in adjacent 
villages, and forest districts in many areas 
provide a significant amount of employment 
for local people, both men and women. With 
such an organization directing forestry ac- 


tivities on two-thirds of the forest land of 
the country, it is no wonder that the man- 
agement is intensive. 

The high percentage of forest land in 
government ownership Teads to a near- 
monopoly of wood production under gov- 
ernment control. Wood from these govern- 
ment-owned lands is sold on a competitive 
basis; but, if a wood-consuming industry 
does not wish to pay the going rate, they 
would find it quite difficult to find an alter- 
native source of wood on a sustained-yield 
basis from private sources. This near- 
monopoly is undoubtedly the reason why 
German forest management can produce 
high net returns in spite of the high costs 
of management. Costs of forest game man- 
agement are included as a cost of forest 
management. 

Forstmeisters.—It is impossible to leave 
the subject of “The Forest” without at least 
a brief mention of the Forstmeister. These 
men are to a large extent the masters in their 
forest districts and are treated with great 
respect in their communities. Part of this 
respect comes from the fact that they func- 
tion as police officers in their district as a 
part of their regular duties. They have all 
studied forestry in a university, usually 
served an apprenticeship in a forest district 
office, and by the time they get their own 
district are assured, mature individuals. 

The German Forstmeister is usually a pas- 
sionate hunter. Part of the responsibility of 
these dedicated men is to manage the game. 
Their role as hunters, game managers, and 
timber managers is a single one with little 
chance for divided loyalties or scattered 
responsibility. Each Forstmeister receives 
a thorough training in Jagdkunde (game 
biology, game management, shooting, and 
the ethics of hunting) in his days as a 
forestry student. He practices Jagdkunde 
as an integral part of his responsibility as 
a forest manager. Many foresters freely 
admit they were attracted to the profession 
because of their desire to hunt. 

Game management and hunting take up 
a significant part of the time of the German 
forester. He does not begrudge this time 
taken away from his other activities because 
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forest game is for him one of the significant 
objectives of forest management. 


THE GAME 


Animals are an important byproduct of 
German forests. Part of this importance is 
due to the significance of hunting as a status 
symbol in the German culture. However, 
because of the small number of hunters, the 
hunting value is not widely shared among 
the people. Still, a great many German 
citizens who are not hunters get a great 
deal of aesthetic and recreational value from 
the knowledge that animals are present in 
the forest. German citizens are allowed to 
walk in publicly owned forests except dur- 
ing the breeding, rearing, and hunting sea- 
sons. Many individuals spend some of their 
leisure, seeking out and observing wildlife. 
These persons often wish to have large 
populations maintained even though such 
populations may do considerable damage 
to the forest trees and to agricultural crops. 

The red deer (Cervus elaphus ) is the most 
important game animal of Germany because 
of the trophy value of its antlers. Red 
deer do not occur in all forest districts, and 
expansion of their range is not permitted 
because of damage they do to forest trees. 
Although red deer spend most daylight 
hours in the forest, they do a considerable 
amount of feeding on fields adjacent to 
dense timber. Damage to planted crops on 
such fields is often extensive. In addition, 
red deer browse extensively on terminal and 
lateral branches of young trees and peel the 
bark from both spruce and beech until these 
species are around 40 years of age. The 
peeling habit causes very extensive damage 
to some stands, occasionally resulting in in- 
jury to every stem in certain locations. 

Populations of red deer are not high in 
most forest districts, and in most cases at- 
tempts are being made to reduce popula- 
tions to lessen the damage. The highest 
desirable population in a few favorable 
habitats is about one animal per 150 acres, 
while in the less favorable habitats the de- 
sirable population level is less than one 
animal per 300 acres. Present populations 
are often well above these figures. The 
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hunting period for male red deer is 6 months 
long (August-January ), and that for cows 
and calves is 5 months (September-Jany. 
ary). Sex ratio of the population is main. 
tained at approximately 1:1 even though the 
males are much more important as trophies, 

An annual census is made of all red deer 
by counting individuals appearing at feed. 
ing stations in winter. In most districts ql] 
red deer visit feeding stations at least once 
during each winter day, so an accurate count 
is relatively certain. Each German Forst. 
meister seems convinced that his population 
figures are precise, but on several occasions 
I found that “finagle factors” were used 
which never appeared in reports to the home 
office. 

Productivity of red deer herds is quite 
low, since under existing environmental con- 
ditions females produce only single births. 
A typical population age structure in the 
summer would be 25 yearlings and 50 calves 
for each 100 adult animals. 

The kill of red deer is very carefully con- 
trolled in all forest districts where they oc- 
cur. It is usual for the total kill to be only 
20 to 25 percent of the summer herd size, 
although in some districts the kill is greater 
if herd reduction is being attempted. The 
sex, age, and antler class of the animals to 
be shot is determined in advance according 
to an approved shooting plan (described 
later). Serious attention is given to main- 
tenance of males with good quality antlers 
to preserve the genetic quality of the herd. 

The roe deer (Capreolus capreolus) is a 
small animal which when mature usually 
weighs less than 50 pounds. It is probably 
the second most important game animal of 
the forest because of its abundance and 
wide distribution. This species secures much 
of its food from cultivated fields and often 
lives in areas where forests are not available. 
However, near forest edges the roe deer 
may do considerable damage to low forest 
vegetation. 

The hunting season for roe deer is 5 
months long for bucks (mid-May to mid- 
October ) and 4% months for does and fawns 
(mid-September through January). The 
ideal sex ratio is believed to be one male to 
two females, but much less attention is paid 
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to this species than to red deer. Productivity 
of roe deer varies in different parts of Ger- 
many, and allowable kill is carefully related 
to productivity of the land as determined 
over the course of many years of manage- 
ment experience. Populations are deter- 
mined vy counts at feeding stations, but 
most responsible officials admitted that, 
for this species, counts were not very ac- 
curate except where based on many years 
of experience. 

Fallow deer (Dama dama) have been 
introduced in certain selected forest dis- 
tricts of Germany. This animal is largely 
a browsing species like the red deer, but 
apparently it does not normally do as much 
damage to the forest. Because of limited 
distribution the fallow deer is not considered 
a major game animal. 

In the majority of forest districts of West 
Germany wild boar (Sus scrofa) are rare 
or absent. It is highly rated as a trophy 
animal because of its fierceness and because 
of its relative rarity. In a few forest districts 
wild boar are produced in great numbers 
and are hunted largely by important govern- 
ment officials and their guests. One such 
hunting area has a population of more than 
one adult boar per 20 acres. This popula- 
tion is maintained inside a 4,000-acre fenced 
forest by year-long feeding, as the natural 
carrying capacity is far below this number. 
The area is hunted by ministers and guests 
of one of the German state governments. 

The Gamswild or chamois (Rupicapra 
rupicapra) is limited in distribution to the 
mountains of southern Germany near the 
Austrian and Swiss borders. It is found 
chiefly at high elevations near or above the 
timber line. Although not many German 
hunters ever have the opportunity to pursue 
this wary animal, it is considered a very sig- 
nificant trophy species because of the dif- 
ficulty of stalking it in the open mountainous 
habitat. 

The mouflon (Ovis musimon) is a native 
of Sardinia and Corsica which has been in- 
troduced into selected forest areas of Ger- 
many. In some areas it has succeeded 


moderately well and is hunted, but in other 
areas the climate appears to limit the popu- 
lation. The mouflon is of special interest to 


German foresters because they feel it does 
no significant damage to forest regeneration. 

Two game birds are considered forest 
game. The Auerwild or capercailzie (Tetrao 
urogallus) is one of the most sought after 
hunting trophies of Germany. It occurs in 
densely forested mountainous country. The 
Birkwild or black grouse (Tetrao tetrix) is 
an inhabitant of open, brushy lands and 
forest edges. Both of these species are now 
quite rare in Western Germany and are not 
very important game animals from the point 
of view of numbers shot. 

The fox (Vulpes vulpes) is to some extent 
treated as a game animal in Germany. It 
is shot when encountered by a hunter, but 
there seems to be little attempt to extermi- 
nate them in the name of vermin control. 
There is no closed season except during the 
time when young are dependent on the 
female. 

Hare (Lepus europus) and rabbit (Ory- 
ctolagus cuniculus) nearly complete the 
list of forest-game animals. The hare is the 
most plentiful game animal of Germany as 
it occurs both in agricultural areas and in 
the forest. Although a great deal of effort 
is spent in hare hunting, it is not considered 
a trophy animal in any way. There is a 3- 
month open season on hare in the fall and 
early winter. The rabbit is largely con- 
sidered a pest, and there is no closed sea- 
son. Squirrels are apparently not hunted in 
Germany. 


THE HuNTER 


To be a hunter in Germany is a mark of 
distinction. Hunting is a status symbol of 
considerable significance in the German cul- 
ture. A man does not conceal his identity 
as a hunter, since he can be identified by 
the antler trophies hung on the walls of his 
home and office. Often he wears a trophy 
“brush” in his hat as a signal that he is a 
hunter, and he frequently reveals his status 
when he uses the special formalized lan- 
guage of the hunters. 

The first step toward becoming a hunter 
is to secure a license, which can be issued 
only when a person has successfully passed 
a detailed examination. The examination 


154 JOURNAL OF WILDLIFE MANAGEMENT, VOL. 24, No. 2, Apri 1960 


covers life history of game, game manage- 
ment, use of firearms, including some as- 
pects of ballistics, and a great deal of ma- 
terial on the traditions and ethics of hunting. 
This is not an easy examination. Many in- 
telligent persons who take the test are failed 
one or more times. The annual cost for a 
German hunting license is approximately 15 
dollars plus a compulsory insurance fee 
which costs approximately 3 dollars. Less 
than one-half of 1 percent of the German 
people are licensed to hunt. 


Tue REviER SYSTEM 


After the German citizen has obtained his 
hunting license, he must find a place to 
hunt. All land in Germany, both public and 
private, is divided into hunting reviers or 
hunting districts—so his problem is to find 
a revier where he may hunt. There is no 
opportunity merely to find some unposted 
land or a piece of public land, since all land 
may be hunted only by the person who con- 
trols the shooting rights and his invited 
guests. 

If the licensed hunter is also the owner 
of 185 or more acres in a single block of land, 
he may hunt on his own land which becomes 
a private revier. If a parcel of land is less 
than 185 acres, however, the owner cannot 
exercise the shooting rights even though by 
law he is the owner of the game. Such small 
blocks of lands are combined with other 
adjacent land ownerships to form “common 
reviers”’ with a minimum size of 370 acres. 
The owners of these lands put their hunting 
rights up for lease to the highest bidder. 
Only after being a licensed hunter for three 
or more years may an individual submit a 
bid to secure a common revier as his private 
shooting grounds. 

In all cases, publicly owned lands in Ger- 
many are included in the revier system. A 
single forest district may be a single revier 
or it may be divided into several reviers. In 
most instances the Forstmeister and his as- 
sistants alone do the hunting on the public 
forest reviers. Some of the hunting may be 
done by persons invited by the Forstmeister 
or forestry officials in state offices. How- 
ever, such hunting is seldom done without 


close supervision by the Forstmeisters o, 
members of their staff. In a few cases, pub. 
lic forest reviers may be leased to citizens 
who hunt under the supervision of the for. 
ester and his staff. When a public revier jg 
leased, the hunter assumes all responsibil. 
ities involved. 

When a German becomes a licensed hunt. 
er, he joins a small select group, but revier 
ownership is a status symbol without peer 
in the German culture. 


SHOOTING PLAN 


When a hunter secures his own revier, he 
assumes many responsibilities as well as 
the privilege of hunting. One of these re- 
sponsibilities is to secure an adequate har- 
vest of the game produced on his revier. 
For big game animals each revier owner 
must prepare an annual shooting plan. This 
shooting plan is submitted to a local game 
official whose job it is to review plans sub- 
mitted for his district and to see that 
enough animals are killed to prevent dam- 
age to fields and forests as well as to pre- 
vent overshooting. These shooting plans 
are very detailed documents. For big game 
they indicate the breeding stock by sex and 
age classes and show the sex and age of all 
animals which are to be harvested in the 
next hunting season. For red deer the 
shooting plan even specifies the size of 
antlers of the male animals to be shot. The 
local game officials review the plan to 
make sure that the residual herd will have 
a proper balance as to sex and age of ani- 
mals and that the harvest will maintain a 
stable population on the revier. The local 
game officers compare each season’s shoot- 
ing plans with those submitted in previous 
years and with those submitted for neigh- 
boring reviers, to ensure the continued 
production of game. By limiting the kill 
of certain age classes and antler sizes, they 
even ensure the continued production of 
trophy animals in each region. 

The basis of the shooting plan is a game 
census conducted on each revier. The re- 
vier owner is responsible for securing ac- 
curate information on populations of all 
the larger animal species. The game census 
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of red deer, wild boar, and roe deer is 
made by counting the animals when they 
come to feeding areas in midwinter. In 
most districts there are extended periods 
when all the animals come to feeding areas, 
so the censuses are considered quite ac- 
curate. Track counts are also used in some 
areas to supplement direct counts made at 
feeding areas. 

The German foresters feel their censuses 
are very accurate because of their famil- 
jarity with the area. There can be little 
doubt that when a group of dedicated 
hunters spend a great deal of time on a 
small area, they do get to know the indi- 
vidual big game animals of the area. 

The hunter is responsible for the execu- 
tion of the shooting plan as well as for its 
preparation. If the plan calls for the kill of 
three female red deer of a certain age class 
he is responsible for seeing that exactly this 
number of animals is killed. [lness, busi- 
ness, or lack of interest are not valid excuses 
for not complying with the plan. The local 
game official is responsible for seeing that 
the shooting plans are fulfilled, and he has 
the authority to cancel the lease if he be- 
lieves this is desirable. 


Revier Costs 


The leasing of a common revier is not a 
step to be taken lightly, because of the 
length of the leases and costs involved. 
The minimum term for the leasing of a 
revier where small game is to be shot is 
9 years, while the minimum term for lease 
of a big game revier is 12 years. The cost 
of a lease is determined both by the loca- 
tion of the revier in relation to population 
centers and by the productivity of the 
revier. Apparently it takes at least 20 cents 
per acre per year to lease a small game 
revier where hare and pheasant might be 
hunted. A lease for big game revier would 
vary in cost with the kinds of big game 
present as well as location and produc- 
tivity. Apparently the lease on any big 
game revier cannot be secured for less than 
30 to 50 cents per acre per year. Leases 
for choice areas may be several times that 
price. Even in the American economy 


these prices are considerable; in the Ger- 
man economy they mean a substantial out- 
lay. In the present booming economy of 
Germany there is considerable interest in 
securing reviers, and prices remain high 
because of competition for places to hunt. 

In addition to the direct costs of the 
revier lease, other considerable expenses 
must be met by the revier owner. Through- 
out Germany, some forest game must be 
fed for at least part of each year. The feed 
is agricultural crops such as hay, grains, 
and potatoes which must be planted, culti- 
vated, harvested, and stored until needed. 
The general rule of thumb is that these 
costs are about equal to the costs of leasing 
the revier. Where the game does any dam- 
age to agricultural crops through feeding 
or trampling, the revier owner is required 
to pay the landowner for the loss in pro- 
duction. This cost may be considerable on 
some reviers where game has ready access 
to fields. The revier owner is not liable for 
damage done to forest trees, as such dam- 
age is considered a normal hazard to the 
forest. 

Many revier owners find it necessary to 
hire a resident gamekeeper to supervise 
work on the area. Where the revier is at 
a distance from the owner’s residence, most 
hunters cannot spare the time necessary 
to conduct censuses, feed the game, super- 
vise the growing of crops for feed, etc. 
In many cases gamekeepers are land- 
owning farmers who live on or near the 
revier and secure part of their income 
from working on the game management 
operations. 

Revier ownership involves some income 
as well as considerable expense. All game 
shot becomes the property of the revier 
owner, and no guest who has spent a day 
hunting expects to take his kill home with 
him although he may be given a part of 
a big game animal he shot, such as the 
heart or liver. In most cases meat and hides 
are sold to the local butcher at the conclu- 
sion of the hunt. The flesh of game animals 
is sold over the butcher’s counter and also 
appears on the menu of restaurants. 

In spite of the demand for leasing of 
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reviers, the publicly owned forests are 
mostly not put up for lease. In northern 
Germany not over 10 percent of public 
forests are leased, while about 25 percent 
are leased to private individuals in south- 
ern Germany. The reason for this situation 
is difficult for an American to understand. 
There is a great demand for hunting re- 
viers, income to the forest district would 
be considerable, and the forestry staff 
would be relieved of a heavy responsibility 
for game censusing, game feeding, and the 
considerable amount of time required to 
execute the shooting plan, ie., hunting. 
However, the German foresters point out 
that when under lease the game manage- 
ment work is not so efficiently done as 
when it is done by the forestry staff. Al- 
though they admit that these operations 
are time-consuming, they take great pride 
in the game of their districts and do not 
wish to have private citizens interfering. 
Another factor becomes clear in talking 
with many German forest officers: Many 
of them are passionate hunters, and if game 
management and hunting were taken away 
from them they would lose one of the 
phases of their work which is a significant 
pleasure of their lives. Also, hunting is a 
status symbol of such importance that the 
forestry staff seldom grumbles about this 
phase of their work. 


GAME QUALITY 


Concern with genetic quality of big 
game populations is an important con- 
sideration among German hunters. There 
is a very wide belief that genetic factors 
limit size of antlers and considerable effort 
is devoted to elimination of poor quality 
stock with conservation of good quality 
individuals. The shooting plan is designed 
to put heavy pressure on males with poor 
antlers so animals with trophy antlers will 
breed. Even in forests where natural food 
is very limited and winter feeding is essen- 
tial, there seems little appreciation of the 
possibility that antler size may be governed 
by quantity and quality of food. 
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THe Hunt 


German hunting is so different from 
American hunting that there seems to be 
little in common. Differences start with 
clothing and end with hunting ethics ang 
form a complete range between. The 
German hunter does not put on old, wom, 
and rough clothes to go hunting. He would 
feel completely foolish if he wore a req 
shirt and a slouch hat. Instead he generally 
wears low boots, neat trousers and jacket 
of green wool, green shirt and necktie, and 
a respectable hunting hat with the “brush” 
of one of the top trophy animals he has 
killed. 

Clothing may seem a superficial basis for 
appraising the attitude of a group of peo- 
ple, but in this case it is an indication of 
the attitude of the typical German hunter 
toward hunting. Hunting is a pleasant but 
rather serious pursuit. It is not something 
to be taken casually or carelessly. 

All aspects of German hunting are more 
formal than the American is used to. Where 
a group of hunters go out together, it is 
common to blow the hunting horn to signal 
the start of the hunt, the kill of game, and 
other incidents as the hunt progresses. At 
the conclusion of a hunt the game is laid 
out in a traditional arrangement to be 
viewed by the hunters. A short formal 
ceremony is usually held at the conclusion 
of the hunt with the revier owner making 
a short speech. A detailed special vocabu- 
lary is used by all hunters. Blood, for ex- 
ample, is always referred to as “sweat,” 
and it is considered very bad taste to refer 
to tracking an animal by a blood trail. 
Hunters greet each other with a special 
salutation which is not accorded to a non- 
hunter. When a big game animal is killed, 
the successful hunter is presented with a 
twig of a tree and given a special hunter’ 
congratulation. Each big game animal has 
it own species of tree with which it is tra- 
ditionally associated. 

Most small game hunting is done by 
drives. Three sides of a selected area are 
surrounded by hunters placed at favorable 
locations. A group of beaters starts across 
the area from the fourth side and drives the 
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game through the line of hunters. Beaters 
are local persons, often women, hired to 
serve for the day for this task. Big game 
hunting is usually done by shooting from 
elevated platforms or high seats and some- 
times stalking is done. High seats are a 
frequent feature in most German forests. 
Thev are usually carefully built structures, 
supported on poles with a rustic super- 
structure to conceal the hunter from the 
ground. The hunter enters the high seat 
before daybreak or near sunset and re- 
mains quietly in place watching for his 
quarry. When animals appear in view, 
they are studied with binoculars to de- 
termine age, sex and antler class to deter- 
mine if the specific requirements of the 
shooting plan will be met. In some forest 
districts, paths are maintained through the 
woods for the purpose of providing a place 
for stalking game. These stalking paths 
may even be swept free of twigs during 
the hunting season to ensure a quiet ap- 
proach to the game. 

These examples are only a brief indica- 
tion of the formalization of German hunt- 
ing which has taken place over the course 
of many human generations. In many re- 
spects this formalization resembles that of 
traditional costumes, customs, and dances 
of some cultures. The German hunter de- 
rives great pleasure from his knowledge of 
these traditions and his ability to use them. 
One young German hunter told me of a 
hunt he went on in another European coun- 
try where game blood was spoken of as 
blood. This vigorous young man reported 
that he was almost made ill by this use of 
words which he had been taught was in 
extremely bad taste. 

Hunting in Germany is not considered a 
sport as it is in America. A sport is defined 
as training of the human body and enjoy- 
ment. Although hunting involves training 
of the human body and enjoyment, it also 
includes an additional, traditional element 
termed Waidgerichtigkeit. This is difficult 
to define and difficult for an American to 
comprehend. It includes at least two ele- 
ments: the formalized traditional rules of 
hunting which have been mentioned, and 


the ethical concern of the hunter for the 
game. This ethical concern involves the 
hunter's seeing that game is provided with 
food, that game is not disturbed unneces- 
sarily, and concern with matters dealing 
with conservation of game and othér na- 
tural resources. 

Because hunting is such an important 
status symbol, trophies have much more 
significance than they have for an Amer- 
ican. Antlers in profusion decorate the 
office and home of every German forester 
I met. These antlers are carefully studied 
to determine their trophy value and every 
hunter becomes an expert at evaluation. 
Visitors to a forester’s office may spend 
some time studying the antlers on his walls, 
inquiring about the weight of the antler, 
age and size of the animal, etc., and ex- 
claiming over particularly good examples. 
Even a visiting American finds himself 
studying antlers, and becoming something 
of an expert at recognizing small defects 
and being able to pick especially good 
trophies. 


THE Forest, THE GAME, AND THE HUNTER 


The German forests are definitely man- 
controlled. They do not look like the ori- 
ginal natural forest in species composition, 
in form, or in growth characteristics. The 
forester controls each stand from time of 
planting to time of final harvest cut. He 
removes trees from the stand so carefully 
that the maximum growth of wood takes 
place on each unit of land throughout the 
long rotation. Little solar energy or space 
is utilized by any vegetation except the 
best-formed trees of the desired species. 

Within this artificialized forest the hunt 
has become a traditional, formalized rela- 
tive of the original hunt where man at- 
tempted to secure meat to satisfy his needs 
for food. However, in spite of the careful 
control of the forest and the formalized 
hunt, the game retains much of the wild 
qualities of times past. In some areas 
where much feeding is done, game has a 
semidomestic quality, but in most German 
forests game is shy, hard to see, and diffi- 
cult to hunt. 
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Cover is relatively abundant in German 
forests. There is a complete representation 
of age classes in each small forest district, 
and individual stands are of small size. 
Although there are a few extensive areas 
with uniform age classes, usually each for- 
est district is broken into a considerable 
number of stands with a great variety and 
interspersion of age classes. The younger 
age classes provide good cover for hares 
and roe deer; and when the crowns close, 
they furnish good cover for the larger red 
deer. As the stands mature, they provide 
less cover from the side, and game tends 
to avoid these areas even though overhead 
cover is dense. This means of course that 
all game on any given area is concentrated 
on a relatively small portion of the area, 
i.e., in the younger stands. 

Food is clearly the limiting factor for 
game populations in German forests. In 
the last two-thirds of the rotation almost 
no subordinate vegetation grows under the 
closed and dense crown. Game moves 
about in a parklike setting with only a 
little green vegetation within reach. In 
the younger stands, of course, some vegeta- 
tion is within reach. Much of this is the 
leaves, twigs, and stems of young trees. 
It is inevitable that this should lead to 
concentration of feeding activities on re- 
generating stands, and it is equally inev- 
itable that this should lead to damage of 
the young forest. Extensive damage also 
is due to antler scraping. 

Much could be written about game dam- 
age in German forests. Control of damage 
is one of the major game management 
problems in many forest areas, and re- 
quires the attention of many German for- 
esters. One of the simplest and most effec- 
tive damage-control measures is use of 
fences to keep game out of the forest for 
the first 10 years or so following planting. 
The game fence is a standard feature of 
most forests and in many areas at least 10 
percent of the area is under fence at all 
times. This is of course an expensive pro- 
cedure. However, it is justified since it 


largely eliminates the damage and still per- 
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mits the raising of some game animals jp 
the unfenced forest. 

Of course, it is quite obvious that from 
the game management point of view this 
practice removes from use the only good 
food-producing areas. The young stands 
produce the only good food supply during 
the entire rotation and, if all the young 
stands are under fence, only the poor food. 
producing areas are open to game. 

German foresters have and are giving a 
great deal of attention to the development 
of repellents for prevention of game dam. 
age. Over thousands of acres, repellents 
are used to prevent deer from browsing 
on terminal leaders of planted and artifi. 
cially regenerated spruce, pine, and beech, 
A variety of materials are used as the re. 
pellent, and many seem successful since 
the material need be effective for only one 
season. These repellents are painted on the 
leaders with a paintbrush each fall, from 
the time of establishment until the trees 
are out of reach of deer. Often this may be 
a period of 8 to 10 years. 

Where red deer are present, there is great 
damage to young trees because of their 
habit of peeling bark from just above 
ground line to 8 or more feet above ground, 
In some areas the branches of young coni- 
fers are bound up against the trunk with 
wire to keep red deer from the bark. Sev- 
eral kinds of chemicals can be painted on 
trunks of young trees, especially beech, to 
give fairly long-lasting protection. One of 
the most interesting methods is the use of 
mechanical devices which roughen the bark 
of young trees and make it unattractive to 
red deer. 

The German forester clearly recognizes 
that the limiting factor to game production 
is shortage of food. He knows this is es- 
pecially true of winter food. His solution 
to this limitation is to raise food and make 
it available to game during periods of 
greatest need. Much of the food is pro- 
duced on agricultural land which is 
plowed, fertilized, and planted with a vari- 
ety of agricultural crops that can be har- 
vested and stored until needed. Various 
root crops such as potatoes are especially 





use 


grol 
win 
in f 


is t 


gan 
thei 
izec 
Wh 
fent 
the 
gro 
the 
Jert 
the 

y 
fore 
plai 
felt 
dev 
to | 
exp 
can 
ple 
ren 
vot 
lan 


gan 


cies 
the 
che 
pur 
no 

the 


dist 
nec 
are 
age 
CON 
wil 
ren 
anc 
cre 
cer 
use 


duc 








als in 


‘ from 
W this 
- good 
Stands 
luring 
young 
food. 


ving a 
pment 
dam- 
Lents 
Wsing 
artifi- 
Deech, 
he re- 
since 
ly one 
on the 
from 
trees 


ay be 


great 
their 
above 
ound, 
coni- 
with 
Sev- 
ad on 
ch, to 
ne of 
ise of 
- bark 


ve to 


izes 
ction 
is es- 
ution 
make 
ls of 
pro- 
h is 
vari- 
har- 
rious 
cially 








Forest WILDLIFE MANAGEMENT IN GERMANY—Webb 159 


used because they can be stored in under- 
ground pits and uncovered as needed in 
winter. Hay is widely grown and placed 
in feeding sheds in the forest. 

An expanding game-management activity 
is the use of Wildackers, which are fields 
in the woods devoted to production of 
game foods. These areas are cleared of 
their tree growth, fenced, plowed, fertil- 
ized and planted to a variety of game foods. 
When game requires additional food, the 
fence is opened so the animals can enter 
the field and harvest the food where it 
grows. In most cases the crop grown in 
the Wildackers is hay, but in some cases 
Jerusalem artichoke is used, and game eats 
the stems and also paws out the tubers. 

Wildackers are not yet found on all 
forest districts but in most areas there are 
plans for their creation. Most Forstmeisters 
felt that within a short time they would be 
devoting about 3 percent of their district 
to these game feeding grounds. Such an 
expenditure of acreage is certainly signifi- 
cant, since it means that area is taken com- 
pletely out of wood production. It must be 
remembered, however, that the areas de- 
voted to Wildackers mean that agricultural 
land need not be devoted to the raising of 
game food. 

In some areas mast-producing tree spe- 
cies are planted and cared for because of 
their food-producing value. The horse 
chestnut is used quite commonly for this 
purpose, and in some areas oak trees with 
no commercial value are saved because 
they produce valuable mast. 

In my travels I found only one forest 
district where it was thought desirable or 
necessary to manage game cover. In this 
area the forester held a Ph.D. in game man- 
agement, and he planned to create special 
cover areas which were to be used by the 
wild boar of his district. His plan was to 
remove trees in the middle of closed stands 
and plant young conifers in the opening 
created. These young conifer stands in the 
center of more mature stands would be 
used by female boar as a “nursery” for pro- 
ducing their broods of young. 


DIscussiION 


Present German forest-game manage- 
ment involves three major activities: 

1. Planning and executing a shooting 
plan which will assure removal of 
surplus animals and maintain a de- 
sirable sex and age composition with 
especial emphasis on maintenance of 
trophy antlers in the herd to main- 
tain good genetic stock. 

Winter feeding of big game animals, 
since the winter carrying capacity is 
far below the desired herd size. 

3. Use of fences and repellents to pro- 
tect growing trees during the part of 
the rotation when they are vulner- 
able to browsing, peeling, and antler 
scraping. 

These major game management activities 
have remained relatively unchanged in the 
past quarter-century. Shepard’s (1934) and 
Leopold’s (1936a, 1936b, 1936c, 1936d) ac- 
counts compare very closely with my obser- 
vations, although a dictator and a world 
war intervened between their visits and 
mine. However, even when allowance is 
made for these disruptive forces, I am 
struck with the similarity of their observa- 
tions to my own. 

Shepard and Leopold were both im- 
pressed with the intensive Monoculture in 
German forests and its serious effects on 
the game situation. There were hints in 
1957 that this is being changed, but cer- 
tainly spruce and Monoculture are to be 
with the German foresters for a long time 
to come. Shepard and Leopold mentioned 
game damage in the forests and the need 
for repellents and fencing to reduce that 
damage. In 1957 the damage problem was 
still very acute in many forest districts; and 
even with the development of more effec- 
tive repellents, there is much damage and 
much need for fencing. They mentioned 
the use of Wildackers in the forests as a 
management technique. In many parts of 
Germany, Wildackers are still considered 
a new method of management, and the 
Forstmeisters are in the process of develop- 
ing them in their districts. In 1957 a great 
deal of effort still went into the growing, 


bo 
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harvesting, storage and feeding of a long 
list of agricultural crops for feeding to the 
game in winter. In fact, I believe that 
winter feeding may even be increased 
above what Shepard and Leopold ob- 
served years ago. The species of agricul- 
tural crops raised in Wildackers and raised 
for winter feeding seem not to have 
changed in this period; they listed the same 
crops and mentioned use of fertilizers that 
I observed a quarter-century later. 

I want to make it very clear that this 
statement of parallel observations in the 
1930’s and in 1957 should not be taken as 
a completely critical conclusion on my part. 
Americans too often look on change as 
progress. Methods of game management 
used by German foresters in the 1930's had 
been worked out by many generations of 
passionate hunters, foresters, gamekeepers, 
and estate owners. There is little reason to 
expect that a period of 20 or 30 years 
should result in drastic changes in methods, 
or attitudes, or traditions. 

In America we may be developing a 
tradition for change just as deep as the 
German tradition for established and time- 
honored methods. Perhaps our wildlife 
management methods have become like 
our possessions (cars, refrigerators, etc. )— 
unless they are brand new and in the latest 
surface covering, we consider them a bit 
old-fashioned and shabby. By the same 
token we have some traditional attitudes 
toward wildlife that could stand some re- 
examination to see if they fit today. We 
subscribe to the tradition of free public 
hunting without change from the days of 
our Pilgrim forefathers and Daniel Boone. 
Even with the drastic reductions of places 
where free public hunting can be exercised, 
we say this is our tradition. 

It was and is obvious that the German 
game population is above the carrying ca- 
pacity of the forest in its present condition. 
The overwintering of a surplus population 
requires great expenditures to produce and 
distribute supplementary food to support 
the excess animals. Also the animals dam- 
age the forest which requires further ex- 
penditures for protection. The German 
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foresters are beginning to realize that arti. 
ficial feeding is not the best or only answe; 
to the problem of maintaining a large ani. 
mal population in a managed forest. Some 
thoughtful Forstmeisters are wondering jf 
wood and wildlife cannot be managed as 
joint products of the land in a more natura] 
way. They are trying to learn how to maip. 
tain natural vegetation without sacrificing 
timber production. It will be a long pro. 
cess to develop these methods and to inte. 
grate them gradually into established and 
traditional methods of forest management, 

The American forest-wildlife manager 
knows that our present preoccupation with 
herd dynamics and herd control is ab. 
solutely justified. We must learn how to 
harvest surplus populations and maintain 
the numbers of browsing animals below the 
carrying capacity. Study of German forest- 
wildlife management indicates an equal or 
greater need for us to learn how to main- 
tain carrying capacity as silviculture be- 
comes more intensive. In the future many 
American forests will be managed nearly 
as intensively as the average German forest. 
When that time comes, wildlife managers 
of North America will need a long and 
strong background of research and experi- 
mentation on methods of forest-land man- 
agement which may be expected to main- 
tain high wildlife populations on natural 
forage without damage to the forests that 
produce a high yield of good-quality wood. 


SUMMARY 


German forests have had a long history 
of management. For many generations 
wood and game have been produced from 
the same woodland areas. At times the 
game crop has been favored, while at other 
times the wood crop has been emphasized. 
Present silviculture in most German forests 
is one of Monoculture: the intensive man- 
agement of dense, even-aged, pure stands 
of spruce (chiefly) which are regenerated 
by planting at the end of a rotation of 
about 100 years. Monoculture is favored 
because under this silviculture a_ large 
volume of high quality wood is produced. 
Under the dense closed canopies of slow- 
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growing spruce there is little subordinate 
vegetation, and therefore little natural food 
for forest game. Careful management is 
essential to maintain a game population in 
such a forest. A very high percentage of 
forest land is in government ownership. 

A German hunter must pass a difficult 
examination on life history of game, game 
management, use of firearms, and tradition 
and ethics of hunting before he can secure 
a license. After becoming a licensed hunter 
he must find a place to hunt. Since all 


land, public and private, is included in the. 


revier system he must be invited to hunt 
by a revier owner or he must lease his own 
hunting revier. Revier ownership involves 
responsibilities for preparing and executing 
an annual shooting plan which will ade- 
quately harvest the big game crop. The 
revier owner must also make sure that 
game is adequately fed; in many areas this 
means artificial feeding. German hunting 
laws, regulations, and traditions ensure per- 
petuation of trophy animals to maintain 
genetic quality. 

Becoming a licensed hunter in Germany 
means acceptance into a small exclusive 
group with high social status. Revier 
ownership indicates an even higher status 
group occupied by a very limited number 
of individuals. 

Revier management on most _ public 
lands, including hunting, is one of the regu- 
lar duties of foresters, who are trained in 
game management as well as in silvi- 
culture. 

German hunting is quite formalized and 
follows traditional patterns developed over 
many human generations. Formalization 


is indicated by hunting clothes, hunting 
ceremonies, the special vocabulary used by 
hunters, hunting methods, and even the 
ethical concern of the hunter for game. 
Trophies, such as antlers, have a great sig- 


nificance to such a tradition-oriented group 
of hunters. 

German forests are artificialized forests 
managed to produce maximal wood vol- 
ume. These forests are poor game habitat. 
Although cover is abundant and well dis- 
tributed in each forest district, food is 
clearly the limiting factor. There is a great 
deal of damage to the forest due to 
browsing on young trees and bark peeling. 
Reduction of damage is the major game 
management activity. Fences around plan- 
tations and repellents are widely used 
throughout Germany along with many 
other ingenious protective methods. The 
second most important game management 
activity is winter feeding. Agricultural 
crops are raised and fed to animals as 
needed. Some crops are raised in fenced 
fields in the woods which are opened to 
feeding when the limited natural foods are 
depleted. 

German methods of game and forest 
management have remained relatively un- 
changed for at least a quarter-century. This 
indicates a stability of management meth- 
ods which may be considered in _har- 
mony with the German social and cultural 
traditions. 
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FOOD HABITS, MOVEMENTS AND POPULATIONS OF MOOSE 
IN THE GRAVELLY MOUNTAINS, MONTANA' 


Frederick F. Knowlton? 


Montana Fish and Game Department, Miles City, Montana 


Records of moose (Alces alces) from 
southwestern Montana around the turn of 
the century are rare. Recently, moose herds 
in the Gravelly and Snowcrest Mountains 
have expanded, and controlled moose hunt- 
ing has been instituted. Data on the moose 
of this area have been limited. Much infor- 
mation has been gained in neighboring areas 
from studies by McDowell and Moy (1942) 
in the Absaroka Mountains of Montana; and 
McMillan (1953) in Yellowstone National 
Park; and Bassett (1951), Rudersdorf (1952) 
and Harry (1957) in Jackson Hole, Wyo- 
ming. None of these studies are completely 
applicable to, or adequate for, moose man- 
agement in the Gravelly Mountain area. 

This study was conducted on a full time 
basis during the summer and winter and on 
a part time basis during the fall, between 
May 26, 1958, and March 19, 1959. The aim 
of the study was to provide data for manage- 
ment of moose by investigating plant species 
and range areas that are indicative of carry- 
ing capacity of the range, the rate of moose 
production, and possible conflicts with other 
forms of land use. Food habits, movements 
and population structure were emphasized. 
Moose management in this area must be 
integrated with other land uses including 
production of livestock and other big game 
species. 

The writer expresses his sincere apprecia- 
tion to Don C. Quimby for directing the 
study and giving aid in preparation of the 
manuscript; Joseph Townsend, Ralph Rouse 
and other members of the Montana Fish and 


‘A joint contribution from Montana State Col- 
lege, Agricultural Experiment Station, Project No. 
MS844 (Paper No. 464 Journal Series), and the 
Wildlife Restoration Division, Project W-73-R-4, 
Montana Fish and Game Department. 

* Present address: Department of Forestry and 
Conservation, Purdue University, Lafayette, Ind. 


Game Department for aid in planning the 
study and in the field; James Peek and 
David Spaulding for assistance in conduct. 
ing field work; and Walter Sperry for hos. 
pitality and aid. The writer was employed 
during the study by the Montana Fish and 
Game Department under Federal Aid Proj. 
ect W-73-R-4. 


METHODS 


The 148 days spent in the field were dis. 
tributed as follows: 96 in summer, 9 during 
the fall hunting season, and 43 in winter, 
Observations were aided by 7 < 35 binocu- 
lars and a 25 X spotting scope. 

During the spring of 1958, eight calves, 
only a few days old, were marked with 
metal ear tags. The calves were run down 
by horsemen in a manner similar to that de- 
scribed by Gaab (1948). Plastic symbols 
similar to those used by Johnson (1951) and 
Lentfer (1955) and/or plastic ribbons as 
used by Rouse (1957) and Picton (1959) 
were attached to the metal tags to facilitate 
field identification of individual animals. 
Nine calves had been tagged previously on 
adjacent areas by the Montana Fish and 
Game Department. Some other individual 
animals could be recognized by physical 
characters such as antler formation, deform- 
ities, or shape and size of bell. 

Surveys conducted on horseback, on foot, 
and from a vehicle were made during the 
study in an attempt to determine gross 
movements of the moose population. Sev- 
eral flights were made in a Super Cub air- 
plane to supplement observations from the 
ground. 

Food habits were determined by feeding- 
site observations and by rumen analysis. 
Feeding-site observations were modified 
from methods used by Cole (1956), Harry 
(1957), Wilkins (1957) and Lovaas (1958). 
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After moose left areas where they had been 
observed to feed, their routes of travel were 
retraced and “instances of use” were re- 
corded on all plants recognized to have been 
recently browsed or grazed. One “bite” 
constituted an instance of use. During the 
winter, trailing was easier but no animal was 
hacktracked to investigate the activities of 
more than the previous 24-hour period. 

Rumen analysis followed the techniques 
described by Saunders (1955), Cole (1956), 
and others. Rumen samples, collected from 
hunter kills, were preserved in 10 percent 
formalin as soon as possible. In the labora- 
tory, one moderately-packed quart of the 
sample was washed over a '%-inch mesh 
wire screen. The residue was manually 
separated by items and later identified by 
comparison with herbarium specimens col- 
lected on the study area. The items were 
then damp-dried on paper toweling and 
volumetric measurements made by water 
displacement to the nearest 0.1 cc. The ag- 
gregate percentage method described by 
Martin, et al. (1946) was used in compiling 
both feeding-site observation and rumen 
analysis data. In the discussion, items that 
constituted less than 0.1 percent of the 
samples are recorded as trace items. 

Scientific and common names of plants 
follow those of Booth (1950) and Booth 
and Wright (18&9). 

Data from the hunting season were ob- 
tained by hunter «ontact and by question- 
naires mailed to 1:00se permit holders fol- 
lowing the close of the season. 


. 


DESCRIPTION OF STUDY AREA 


The study area consists of about 200 
square miles of the Beaverhead National 
Forest located at the head of the Ruby 
River drainage, approximately 40 miles 
south of the village of Alder, Montana ( Fig. 
1). The terrain is moderately rough and 
rises as the Gravelly Mountains on the east 
and the Snowcrest Mountains on the west. 
Elevations generally range from 6,200 feet 
to 9,500 feet above sea level with peaks ex- 
ceeding 10,500 feet. The area is drained by 
the Ruby River to the north, the West Fork 
of the Madison River to the east and Long 


Creek, of the Red Rock River drainage, to 
the southwest. 

In relation to moose usage, six vegetative 
types were recognized on the study area. 


Willow Bottoms 


These areas occur at elevations from 6,200 
feet to 9,500 feet and are limited to moist 
situations along streams and in vicinity of 
springs and seeps. Between 6,200 and 7,000 
feet a willow (Salix spp.)-thinleaf alder 
(Alnus tenuifolia) association occurs with 
considerable amounts of silverberry ( Eleag- 
nus commutata) and some Rocky Moun- 
tain juniper (Juniperus scopulorum). Above 
7,000 feet a willow-sedge (Carex spp.) as- 
sociation is prevalent. 
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Fic. 1. Map of the study area. 
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Sagebrush-Grass Slopes and Ridges 


This type begins about 6,400 feet and 
extends to 8,800 feet along dry south-facing 
slopes of the ridges. Big sagebrush ( Artem- 
isia tridentata) and threetip sagebrush ( Ar- 
temisia tripartita ) dominate the shrub union 
with some common snowberry (Symphori- 
carpos albus) and shrubby cinquefoil (Po- 
tentilla fruticosa) present. Bluebunch fes- 
cue (Festuca idahoensis) and mountain 
brome (Bromus marginatus ) are important 
grasses while lupine (Lupinus sp.) and 
other forbs are present in varying degrees. 
This vegetative type is the most extensive 
one on the study area. 


Aspen Timber 


Quaking aspen (Populus tremuloides) 
groves are found between 7,000 and 8,500 
feet, usually adjacent to watercourses. 
Various grasses make up the understory. 


Coniferous Timber 


Coniferous timber constitutes the second 
most important vegetative type on the study 
area by percent coverage. Conifers are 
found generally between 8,500 and 9,500 
feet and extend downward on steep north- 
facing slopes to 7,000 feet. Between 7,000 
and 8,500 feet douglas fir (Pseudotsuga 
taxifolia)—Engelmann’s spruce (Picea en- 
gelmanni) is the major association. Be- 
tween 8,000 and 9,500 feet an alpine fir 
( Abies lasiocarpa )—Engelmann’s spruce as- 
sociation is present with occasional stands 
of limber pine (Pinus flexilis) and lodge- 
pole pine (Pinus contorta). 


Sub-Alpine Meadows 


There is a mosaic pattern of parks and 
coniferous timber between 8,000 and 9,500 
feet. These parks or meadows are sedge- 
grass-forb unions with occasional shrubs of 
big sagebrush, common snowberry and cur- 
rant ( Ribes sp.). Forbs appear to dominate 
with sticky geranium (Geranium viscossissi- 
mum), mule’s ears (Wyethia amplexicaulis 
and W. helianthoides), cinquefoil (Poten- 
tilla gracilis) and lupine being the major 
ones. Yarrow (Achillea lanulosa), Senecio 
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spp., Aster spp., and various other forbs are 
present to a lesser degree. The grasses and 
grasslike plants present in these areas are 
bluebunch fescue, mountain brome, varioys 
wheatgrasses (Agropyron spp.) and several 
sedges. These parks seem to be a stable 
feature of the area and do not appear to 
be invaded by the surrounding fir-spruc¢ 
association. 


Alpine Meadows 


The alpine meadows are open ridgetop 
grasslands occurring over 9,500 feet. They 
are composed of a low grass union inter. 
spersed with some forbs. Bluebunch fescue 
is the dominant plant. 


MOVEMENTS AND USE OF VEGETATIVE Typgs 


In the study area, moose seem to prefer 
areas above 7,500 feet elevation. Winter 
snow depths at these elevations appear to 
initiate migrations to lower elevations simi- 
lar to those described by Hosley (1949) and 
Bassett (1951). Repeated altitudinal shifts 
as described for moose by McDowell and 
Moy (1942) were not observed. 

Aerial and ground surveys conducted dur- 
ing the study suggested that most moose 
from the study area drift onto one of three 
concentration areas during the winter. 
These areas are the willow bottoms below 
7,000 feet elevation along the three main 
drainages (Fig. 1). The moose appear to 
migrate along drainage patterns. This is 
supported by observations of one tagged 
calf, which moved more than 6% miles to 
a wintering area, and the occurrence of the 
largest winter concentration of moose along 
Ruby River which drains the study area. 

Reports from local people indicate that 
moose usually arrive on the concentration 
areas between mid-December and mid- 
January. During the winter of this study, 
moose were still arriving at the lower ele- 
vations after the first of March as indicated 
by increased numbers observed on the 2- 
mile section of the Ruby River between 
Cottonwood Creek and Fawn Creek. Num- 
bers observed were as follows: 2 on January 
7; 7 on February 5; 17 on February 13; and 
35 on March 8. 
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Fic. 2. Movements of individual moose on summer range. 
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TABLE 1.—OccURRENCE OF FEEDING MOosE BY VEGETATIVE TYPES 














‘ Subalpine Willow Sagebrush- Conifer Aspen Alpine 

Period Meadows Bottoms Grass Timber Timber Meadows 
May 26-June 15 9 7 8 0 1 0 
June 16—Aug. 31 97 35 23 5 3 0 
Sept. 1-Sept. 30 21 34 l 0 0 0 
Totals 127 76 32 S 4 0 





Moose often withdrew to coniferous tim- 
ber adjacent to the willow bottoms when 
disturbed, or just before or during winter 
storms. Larger numbers of moose were ob- 
served in the willow bottoms on the second 
morning following a storm than at most 
other times. 

The first week in June, many moose were 
observed in the vicinity of the lower limits 
of coniferous timber. After mid-June, most 
moose were observed at higher elevations, 
mainly above 8,000 feet. This movement 
coincided with the “green-up” of forbs and 
grasses. During the summer, moose fed 
mostly in the sub-alpine meadows and adja- 
cent willow bottoms (Table 1). Coniferous 
timber was used as resting and escape cover. 

Individual animals moved within definite 
limits on the summer range. Areas used by 
individual animals overlapped and groups 
of 2-5 bulls were not uncommon. Observa- 
tions of recognizable individuals, including 
two tagged calves, indicated that cows with 
calves moved within a ‘2-mile radius and 
bulls moved within a 1-mile radius while on 
summer range (Fig. 2). McMillan (1954) 
in Yellowstone National Park and de Vos 
(1956) in Ontario also observed limited 
movements for moose. Observations during 
the study indicated that bulls may extend 
their home range during the rutting season 
in late September and October, but they 
remain in the vicinity of their summer range. 

Moose remained at high elevations 
through the fall. Hunter questionnaires 


indicated that 23 of 28 moose killed on the 
study area during late October and No- 
vember were at elevations above 7,500 feet 
and 13 of these were killed above 8,500 feet. 
Rumen analysis of some of these animals 
indicated that they were using willow bot- 
toms, sub-alpine meadows and coniferous 


timber as feeding areas during the latter 
part of October. 


Foop Hasits 
Summer 


Summer food habits were determined 
from a total of 6,770 instances of plant use 
found in 34 feeding sites distributed as fol- 
lows: 25 in sub-alpine meadows, 5 in willow 
bottoms, and 4 which included both sub. 
alpine meadows and willow bottoms. An- 
alysis by forage type (Table 2) indicated 
the following: forbs 70.6 percent, browse 
28.6 percent and grass and grasslike plants 
0.6 percent. Sticky geranium provided 64.2 
percent of all the instances of use recognized 
during the summer period. Use of cinque- 
foils showed up in most feeding sites but 
provided only 2.6 percent of the observa- 
tions. Utilization of Eriogonum sp. oc- 
curred in only one feeding site. Willow was 
the major browse species utilized during the 
summer with Ribes spp. second in impor- 
tance. Use of willows at that time consisted 
mostly of leaf-stripping as described by Mc- 
Millan (1953). Use of grass and grasslike 
plants appeared to be incidental to use of 
other species with an exception of one feed- 
ing site. Forty-seven instances of use were 
recorded for bog bluegrass (Poa leptocoma), 
submerged in a seep, in September when 
most forbs and other grasses were mature 
and dry. 


Fall 


Fourteen rumen samples collected be- 
tween October 19 and 22 from hunter-killed 
animals provided the basis for fall food 
habits evaluation. On the average, 12.0 per- 
cent of the 1-quart sample taken from each 
rumen was identifiable. Browse species 
constituted 91.4 percent by volume. Forbs 
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TABLE 2.—Foop Hasits or Moosg, IN THE GRAVELLY MOouNTAINS, MONTANA, 
EXPRESSED AS PERCENT SPECIES COMPOSITION 























‘ rae Summer Fall Early Winter Late Winter 
estat (6,770)? (14)2 (14,540)} (17,496)! 
BROWSE 
Willow (Salix spp.) 19.3 31.0 67.4 59.2 
Alpine fir (Abies lasiocarpa) — 29.0 9.6 aes 
Silverberry (Eleagnus commutata ) — ca a 26.6 
Currant and gooseberry (Ribes spp.) 5.0 10.9 8.9 0.2 
Quaking aspen (Populus tremuloides ) : Be 15.0 4.3 0.6 
Thinleaf alder (Alnus tenuifolia) — = 0.5 10.7 
Blueberry (Vaccinium scoparium ) — 3.8 —_ = 
Snowberry (Symphoricarpos albus ) 0.8 tr. 22 ae 
Shrubby cinquefoil (Potentilla fruticosa ) — 1.9 0.1 
Buffaloberry (Shepherdia canadensis ) 1.8 — _ ws 
Red dogwood (Cornus stolonifera ) — — 1.8 
Prunus sp. — — 12 
Elderberry (Sambucus sp.) — _ 0.9 = 
Woods rose (Rosa woodsii ) tr. — tr: 0.6 
Broom snakeweed ( Gutierrezia sarothrae ) — a = 0.3 
Unidentified browse — 7 — as 
Total browse 28.6 91.4 96.9 100.1 
ForBS 
Sticky geranium (Geranium viscossissimum ) 64.2 — — _— 
Elk thistle (Cirsium foliosum ) — ot 0.3 a 
Lupine (Lupinus sp.) (0.7 3.3 —- — 
Cinquefoil (Potentilla gracilis ) 2.6 — — ain 
Eriogonum sp. 2.3 — — _ 
Delphinium sp. 0.4 — — — 
Duckweed (Lemna trisulca) — 0.1 _ aes 
Niggerhead (Rudbeckia occidentalis ) a 0.1 — 
Sheep sorrel (Rumex acetosella ) 0.1 a _— 
Unidentified forbs 0.3 0.2 2.4 tr 
Total forbs 70.6" 7.3 2.9 tr. 
GRASSES AND SEDGES (Gramineae ) 0.6 1.2 0.2 — 





1 Instances of use. 
“Number rumens analyzed. 


3 Chrysopsis sp., fireweed (Epilobium sp.), Lygusticum sp., prairiesmoke (Geum triflorum) and mule’s ears( Wyethia 


helianthoides) each recorded as traces in summer but not found in other seasons. 


constituted 7.3 percent by volume, with only 
elk thistle (Cirsium foliosum) and lupine 
occurring in any quantity. 

Rumens from three moose collected Oc- 
tober 19, 1958, on Red Rock Lakes National 
Refuge and analyzed by the Montana Fish 
and Game Department Food Habits Lab- 
oratory indicated variation that can occur 
with different habitats. The three samples, 
collected from a predominantly willow- 
sedge area, 15 miles south of the study area, 
were analyzed as willow (87.9 percent), 
quaking aspen (2.3 percent), grass and 


sedge (0.6 percent) and unidentified ma- 
terial (9.2 percent). 


Winter 


Winter food habits were based upon feed- 
ing-site observations and were separated 
into an early winter period when the moose 
were still above 7,000 feet elevation, and a 
late winter period when the moose were 
on winter concentration areas below this 
elevation. 

Browse species constituted 96.9 percent 
of the 14,540 instances of use from 13 feed- 
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TABLE 3.—CoOMPARISON OF SUMMER ForAGE TAKEN BY Moose IN THREE Rocky MOounrTaIn Aprxis 














PERCENT 
Area Authority 
Browse Aquatics Grass Forbs 
Absaroka Mts. Mont. McDowell and Moy (1942) 64-81 2-4 9-20 6-14 
Yellowstone Nat. Park McMillan (1953) 75 iy¥4 6.0 0.9 
Gravelly Mts. Mont. This study 28.6 0.0 0.6 70.6 





ing sites in the early winter period. Forbs 
constituted 2.9 percent and grass and grass- 
like plants 0.2 percent of the instances of 
use in the early winter period. Six feeding 
sites provided 17,496 instances of use during 
the late winter period with 96.5 percent of 
the observations on willow, silverberry and 
thinleaf alder. 


Other Studies 


Other studies of the food habits of moose 
in this region show various degrees of agree- 
ment. Summer food habits as reported by 
McDowell and Moy (1942), McMillan 
(1953) and the present study are compared 
in Table 3. A much higher use of forbs 
during the summer was recorded in the 
present study than was reported by others. 
Use of browse in the present study may have 
been higher than indicated due to difficulty 
in locating animals feeding in timber types. 
Fall rumen samples from similar locations 
showed prominent use of alpine fir and 
quaking aspen although little or no use of 
them was recorded in summer feeding-site 
observations. Very little aquatic vegetation 
occurs on this study area. The extensive use 
of forbs by moose in this area could possibly 
result in competition with sheep and elk 
that graze the area during summer (Smith 
and Julander, 1953; and Rouse, 1957). 

Although willow constituted 60 percent 
or more of the winter feeding-site observa- 
tions, willow did not appear to be the most 
palatable plant present. Nearly all of the 
current year’s growth had been removed 
from red dogwood (Cornus stolonifera), 
which occurs along one section of the Ruby 
River, and most of the silverberry plants 
found on wintering areas were severely 
hedged. Harry (1957) also reported that 
silverberry and red dogwood were highly 


or very highly palatable to moose. Three 
major browse species utilized by moose dur. 
ing the late winter period of this study 
(willow, silverberry, and thinleaf alder) 
were used by moose in Jackson Hole, Wyo. 
ming (Harry, 1957), but the latter two spe. 
cies were of only minor importance. Alpine 
fir rated second in importance as browse in 
Jackson Hole but did not occur in the late 
winter observations of this study although 
it was important in the early winter period, 
Most of the variations might be attributed 
to differences in vegetation on the respective 
study areas. 


POPULATION STRUCTURE 


An effort was made to determine the 
structure, rate of recruitment and size of 
the moose population. Sex ratios were cal- 
culated for animals observed during sun- 
mer and winter. During the winter, animals 
were assigned to sex classes solely on the 
basis of external genitalia, and cow-calf 
ratios were computed from the presence or 
absence of a calf with an adult positively 
identified as a cow. Each calf observed was 
in the immediate vicinity of a cow. The 
sex ratios and cow-calf ratios observed dur- 
ing the summer and winter are compared in 
Table 4. The most striking variation occurs 
in the cow-bull ratios observed for the two 
periods. The writer feels that both summer 
and winter sex ratios derived from observa- 
tions are weighted heavily to bulls. The 
adult sex ratio of hunter-killed animals from 
this area was 15 cows to 16 bulls. Observa- 
tions on summer adult sex ratios might be 
inaccurate for the following reasons: (1) 
bulls which commonly traveled in groups of 
2-5 were more easily seen than cows which 
occurred singly; (2) bulls often utilized 
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TABLE 4.—COMPARISON OF OBSERVED SUMMER AND 
WINTER SEX AND AGE RATIOs 























SUMMER WINTER 

(6/16-9/22) (1/6-3/12) 

Ratio No. Ratio No. 
Adults, 2: 6 100:206 248 100:131 104 
Calves, 2: — 56 100: 92 27 
Cow:Calf 100: 69 137 100: 78 80 
Unclassified — 1l ae 153 
Total Animals 315 294 





large open parks and were more easily seen 
than cows which tended to remain in the 
immediate vicinity of timber; (3) most bulls 
could be positively identified at much great- 
er ranges than could cows; (4) yearling 
bulls, observed as late as September 26, 
with only %-1%-inch buttons for antlers 
could have been mistaken for cows at long 
ranges. One animal is known to have been 
incorrectly sexed on the basis of external 
genitalia but this method is thought to be 
more reliable than presence or absence of 
antlers. 

The cow-calf ratio for the winter period 
was higher than for summer. This was 
thought to be due to a change in the activ- 
ities of calves. During the summer, there 
is difficulty in observing calves that are 
resting in the vicinity of active cows. This 
complication diminishes as the calves be- 
come older and virtually disappears by late 
fall or early winter. The observation of 69- 
78 percent of the cows with calves is higher 
than many of the reports in the literature. 
Murie (1934) reported not more than 50 
percent of the cows on Isle Royale were ac- 
companied by calves. McDowell and Moy 
(1942) gave a cow-calf ratio of 100:45 for 
the Absaroka Mountains. De Vos (1956), 
reporting on the Chapleau area of Ontario, 
claimed a ratio of 100 cows to 62 calves. In 
the Susitna region of Alaska (Rausch, 1958) 
an average cow-calf ratio of 100:44 was 
observed. No twins were observed in the 
present study. 

Eighteen lower jaws of moose were col- 
lected from animals killed on the study area 
during the 1958 hunting season. When ar- 
ranged by tooth replacement (Peterson, 


1955) and progressive wear patterns, a 
series resulted exhibiting two stages of tooth 
replacement and a continuous series of wear 
patterns. The hunter kill, represented by 
18 specimens, ranged from calves through 
animals assumed to be over 10 years old 
with no dominant age group or groups. 

An attempt was made to determine the 
number of moose wintering within the Ruby 
River drainage. On March 9-11, 13 miles 
of the Ruby River were covered on foot and 
53 individual moose were observed. Eight 
days later, during an aerial census of the 
entire study area, only 15 moose were 
observed. 


HunTING SEASONS 


Legal moose hunting in Montana is con- 
trolled by use of a permit system. The 
chronology of moose hunting in the Ruby 
River Management Unit, which includes 
most of the study area, is typical of much 
of southwest Montana. All further com- 
ments refer to the Ruby River Unit. 

Hunting was initiated on this area in 1950 
with five permits issued for bulls only. In 
1952 permits were increased to 10 and either 
sex was legal. In the period 1952-1958, all 
permits issued have been for either sex and 
the number issued has been gradually in- 
creased to 25. Hunting success has been 
high. Calculations based on hunter ques- 
tionnaires (1954-1958) indicated that the 
number of successful hunters has ranged 
from 81 to 93 percent with an overall aver- 
age of 88.2 percent. Following the 1958 
hunting season, 100 percent of the question- 
naires were returned. These showed that 22 
hunters were successful and 3 were unsuc- 
cessful with 2 of the latter not participating 
in the hunt. 

The locations of moose kills were not 
proportionately distributed throughout the 
area. Factors affecting the kill locations 
were distribution of the moose (82 percent 
were killed above 7,500 feet elevation) and 
presence of access roads. In 1958, 68 percent 
of the moose were killed within % mile of 
aroad. Only 14 percent of the moose killed 
were on the west side of Ruby River where 
access is limited, while 36 percent of the 
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kill came from one drainage on the east 


side of the river adjacent to a road. 
SUMMARY 


A study of the food habits, range use, 
movements and population structure of 
moose in the Gravelly Mountains in south- 
west Montana was conducted in the field 
between May 26, 1958, and March 19, 1959. 
The moose in this area migrated to willow 
bottoms below 7,000 feet elevation during 
the winter. During summer and fall, most 
of the moose were found at elevations above 
7,500 feet. Limited movements were ob- 
served while moose were on summer range. 

Summer foods comprised 70.6 percent 
forbs, 28.6 percent browse and 0.6 percent 
grass and grasslike plants. Rumen analysis 
revealed that 90 percent of the fall diet was 
browse. Feeding-site observations during 
the winter indicated that browse constituted 
95-100 percent of the diet. 

Relatively high cow-calf ratios were ob- 
served during the study. No dominant age 
group occurred in moose killed during the 
1958 hunting season. On the average, 88 
percent of the moose hunters in this area 
were successful. 
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FOX RABIES IN FLORIDA’ 


William L. Jennings, Nathan J. Schneider, Arthur L. Lewis, 
and James E. Scatterday 


Florida State Board of Health, Box 210, Jacksonville, Florida 


Fox rabies has always been recognized 
as a substantial part of the rabies problem 
in Florida. The purpose of this paper is 
to present our data on rabies in the gray 
fox (Urocyon cinereoargenteus floridanus 
Rhoads ), the only native species which sup- 
ports epizootic rabies in Florida. Red foxes 
(Vulpes fulva), which are increasing in 
number in parts of the western counties, 
have not been implicated as rabies vectors. 

The data presented here were gathered 
from records of the state and county health 
organizations, from citizens and public ser- 
vants who were involved in rabies control 
work, and from field observations made 
during control operations in the last four 
vears of an epizootic. Much of the informa- 
tion about rabid fox behavior came from 
accounts by the victims of rabid fox attacks. 
The records and observations illustrate some 
details of epizootic rabies in foxes and of fox 
die-offs. They may add to our growing 
knowledge of the characteristics of our wild- 
life rabies reservoir. 


Recent History OF WILDLIFE RABIES 


The significance of wildlife rabies was 
not apparent until about 1948 when dog 
licensing and vaccination became effective 
in the larger cities. With the gradual elimi- 
nation of rabies epizootics in dogs and the 
organization of an effective system in each 
county for investigating and reporting ani- 
mal bites, the prominent role played by the 
gray fox in the dissemination of rabies be- 
came obvious. During the 7 years before 
1949 an average of 236 rabid animals were 
examined each year in the laboratories of 
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the Florida State Board of Health. Most of 
these were dogs. Between 1948 and 1958 
this figure dropped to an average of 63 ani- 
mals per year, although an epizootic oc- 
curred among gray foxes during that time. 
If the cases occurring as a part of this epi- 
zootic are deducted, an average of 41 rabid 
animals per year were reported during the 
past 10 years. It is evident that one-third 
of the rabid animals reported in Florida dur- 
ing the past 10 years may be attributed to a 
gray fox epizootic. 

Gray foxes played an important part in 
spreading enzootic rabies from wildlife to 
domestic animals. This role is less well 
known but some data were gathered cover- 
ing the past 10 years. In that period 17 rabid 
gray foxes found in Florida could not be 
associated with any other vector. The 
shaded circles on Fig. 1 show where these 
sporadic infections appeared. There was 
no apparent relationship in time or space 
among these rabid foxes, and in only two 
cases did two rabid foxes occur in the same 
county within a year. In one of these coun- 
ties the collecting sites were 30 miles apart. 
Similar sporadic appearances of rabies in 
the peninsular portion of the state were sub- 
stantiated for 35 raccoons, 19 domestic cats, 
and 7 skunks. It has been suggested that 
each of these sporadic appearances of the 
disease represents a new contact with a 
hidden rabies reservoir, perhaps among in- 
sectivorous bats. Other hypotheses have 
been proposed to explain the sporadic 
nature of wildlife rabies in peninsular 
Florida. 

Epizootic rabies passed through the gray 
fox population in northern Florida between 
1953 and 1958. Parts of 13 counties and 
the adjacent portions of Alabama and Geor- 
gia were affected. Fox rabies has a history 
of being enzootic or sporadically epizootic 
in this area and a similar die-off was re- 
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ported in some of the same counties about 
1949. The area where Florida, Georgia and 
Alabama meet has a history of rabies en- 
demism for dogs and foxes covering at least 
20 years. For a summary of the history of 
rabies in the southeast see Gier (1948) and 
Wood (1954). 


GENERAL METHODS 


Solid dots on the map (Fig. 1) indicate 
the localities where rabid foxes were taken 
during the epizootic. Negri bodies were 
demonstrated in brain tissue from one or 
more foxes from each locality by routine 
examination in the Florida State Board of 
Health Laboratory in Jacksonville. In some 
cases, mice died of rabies after they were 
inoculated intracerebrally with samples of 
brain tissue and rabies virus was recovered. 
Every fox referred to here as rabid exhibited 
Negri bodies when the brain material was 
examined in this laboratory or produced 
Negri bodies in laboratory mice after brain 
material was injected. Clinically rabid foxes 
were observed at most locations indicated 
by dots but, after epizootic conditions pre- 
vailed, only those foxes that had bitten 
humans or valuable livestock were sub- 
mitted for laboratory examination. None 
of the localities where clinically rabid foxes 
were observed by veterinarians or others 
are indicated on the map although these 
are much more numerous than proven rabies 
infections. Neither are the localities indi- 
cated where clinical rabies reports were sup- 
ported by deaths of cattle from the disease, 
although rabid foxes bit cattle in large num- 
bers. These losses were reported in inter- 
views because farmers rarely submitted 
cattle heads for examination. Farmers 
quickly learned the clinical symptoms of 
rabies in cattle and rarely wasted money 
on veterinary fees for animals that. they 
knew would certainly die. It is probably 
impossible to estimate the number of rabid 
fox attacks that occurred during the epizoo- 
tic. For example more than 20 cases in 
which the attacking fox was killed without 
biting a human or dog, and therefore went 
unreported, were discovered in one county 
on a single day. These cases were reported 
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during farm-to-farm inquiries after one fox 
which bit a school boy, was submitted for 
laboratory examination. The map data show 
proven cases. Each dot is the only concrete 
evidence of many alarms and attacks, most 
of them now impossible to verify as cer. 
tainly due to a fox dying of rabies. 


DESCRIPTION OF THE AREA 


Five major plant communities are recog- 
nized in the area, but epizootic fox rabies 
occurred only in the two found on red clay 
soils. These are the red clay hammock land 
and the clay pine land (Henderson, 1939), 
Rolling sandy pine land, swamp, and flat 
pine land supported few foxes and appeared 
to be barriers to the epizootic spread of 
rabies. In general, these three communities 
occur to the south of the red clay soils. The 
original vegetation of the red clay soils was 
deciduous hardwood forest or upland pine 
and mixed hardwood forest. Forested areas 
are still common. Agriculture is diversified, 
with corn, peanuts, shade tobacco, beef, 
dairy cattle, hogs and timber the principal 
products. Family size farms predominate, 
but great quail plantations are found in the 
eastern counties. These plantations are 
managed by patch farming and controlled 
burning to produce timber and quail. The 
whole area supported large gray fox popu- 
lations before the epizootic and probably is 
the most productive gray fox habitat in 
Florida. Recent fox tracks were found in 
dirt roads at 80 to 100 percent of the ran- 
domly selected points in each county studied 
before the die-off. This method of compar- 
ing fox population levels is described by 
Wood (1959) as the random track-count 
method. It was used throughout the field 
investigation in preference to the more la- 
borious and time consuming standardized 
trap line census. 


BEGINNING OF THE OUTBREAK 


Table 1 presents data illustrating the 
chronology of the epizootic spread of rabies 
in the gray fox population. The beginning 
of the outbreak is accurately indicated for 
each county. The figures minimize the 
severity of later phases because all agencies 
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Taste 1.—NumpBers OF Rapip Foxes EXAMINED 
FROM Eprzootic COUNTIES IN FLORIDA 
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were reluctant to examine suspect fox heads 
unnecessarily after the disease became wide- 
spread and attacks were frequent. The 
source of the original infection is unknown. 
Rabid foxes appeared in Jackson, Holmes 
and Washington Counties in the fall of 1953, 
with concurrent reports of rabid foxes just 
across the Alabama line. A single rabid fox 
was taken in Jackson County two years 
earlier, while four rabid dogs were reported 
in Jackson and Holmes Counties in 1951 
and 1952. It is not clear whether these indi- 
viduals were holdovers with extended incu- 
bation periods from an earlier epizootic 
or whether they represent repeated contacts 
with an inapparent rabies reservoir. 


Eprzootic SPREAD 


During the fall of 1953 and the, spring 
of 1954 the epizootic spread rapidly and 
covered most of Holmes, Washington, Jack- 
son and Calhoun Counties. Single rabid 
foxes appeared sporadically outside the 
epizootic area. Choctawhatchee River, a 
swamp-bordered stream rising in Alabama, 
apparently limited the westward spread. 
A single rabid fox was reported across this 
river in Walton County in 1954, but the 
locality data for this specimen could not be 
confirmed and may have been inaccurate. 
It was not until the summer of 1958 that 
rabid foxes were taken to the west of the 
Choctawhatchee River in Walton and Oka- 
loosa Counties. This appearance was attrib- 


uted to extension of an epizootic to the north 
in Alabama. 

The disease spread rapidly eastward un- 
til the Apalachicola River was reached. Al- 
though it was at low water stage because 
of drought, this river appeared to serve as 
a barrier during all of 1954. One rabid fox 
was submitted from Liberty County and one 
from Gadsden County in 1954, but again 
the locality data could not be confirmed; 
the animals may have been brought to the 
home towns of day laborers who were at- 
tacked west of the river. Epizootic condi- 
tions did not appear east of the Apalachicola 
River before the summer of 1956. 

As rabies spread south in Calhoun County 
in the spring of 1955, it became obvious that 
a more deadly fox disease was present also. 
For more than a year a trapping program, 
supervised by the Florida Game and Fresh 
Water Fish Commission, with farmers trap- 
ping as volunteers, had been used in an effort 
to reduce the fox population. Trappers re- 
ported that gray foxes were still abundant. 
An average of two attacks on humans per 
week had occurred for months. Then, over 
a 2-week period, dead and dying foxes were 
observed throughout the county by the 
supervising trappers. Attacks on humans 
stopped altogether, although trappers en- 
countered sick foxes every day. After this 
die-off, foxes were reported to be scarce, 
fox tracks were rarely seen on random track- 
count transects along dirt roads and the 
trapping program was abandoned. Efforts 
to secure a non-aggressive sick or freshly 
dead fox for laboratory examination were 
unsuccessful. This die-off was the last spec- 
tacular event west of the Apalachicola River 
although a rabid fox was killed in Jackson’ 
County as late as 1957. 

Fox rabies began spreading east of the 
Apalachicola River late in 1955 and early 
in 1956. There, in Gadsden County, the dis- 
ease was less spectacular. Few accounts of 
aggressive foxes were received although a 
large scale inquiry was made by interview- 
ing farmers in September of 1956. At that 
time three dogs, four cattle and five foxes 
had been confirmed as rabid from Gadsden 
County by the laboratory. More than 30 
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Localities where rabid foxes were collected. Solid dots indicate records concurrent with epizootic 


conditions. Shaded circles indicate single rabid foxes occurring sporadically. The shaded area illustrates 

the extent of soils underlain by red clay. (Eight foxes, which were collected in Bay and Calhoun 

Counties and submitted to the Jackson County Health Office, are listed (Table 1) as being from 
Jackson County. ) 


reports of sick and dead foxes dating as far 
back as the spring of 1956 were received 
from farmers and Wildlife Officers, but no 
attacks on humans were disclosed. Fox 
tracks were scarce all over the county. 
Rabid foxes were killed at irregular inter- 
vals through the spring of 1957 when a total 
of 12 had accumulated. The epizootic char- 
acteristics seen earlier west of the Apalachi- 
cola River were never encountered in 
Gadsden County. Apparently the gray fox 


population had died off and could not sup- 
port an epizootic by the time rabies was 
introduced. Limited attempts were made to 
trap foxes in the spring of 1957, but none 
were taken. 

Farther east, across the Ochlochnee River 
in Leon and Jefferson Counties, an epizoo- 
tic began in December 1956 and continued 
for at least 2 years. Foxes were extremely 
abundant near towns, especially in subur- 
ban housing developments, and on the large 
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quail plantations. Attacks occurred with 
alarming frequency over some 700 square 
miles for about 5 months. More than 150 
attacks were reported to the Leon County 
Health Office. Table 2 shows the number 
of rabid foxes reported in Leon County each 
week from January through July, 1957. For 
the first 8 weeks all sick foxes encoun- 
tered were submitted for laboratory exam- 
ination. Afterward only those foxes that had 
attacked humans or valuable livestock were 
accepted by the laboratory. 

In these foxes from Leon County more 
conclusive evidence of a fatal fox disease 
in addition to rabies was encountered. Eight 
of the first 30 sick foxes submitted for ex- 
amination were not found to be rabid by 
direct examination for Negri bodies or by 
mouse inoculation. Inclusion bodies unlike 
those typical of rabies were observed in 
brain tissue from all eight. Similar inclu- 
sion bodies are found in dogs sufiering from 
encephalitic diseases of the distemper-hepa- 
titis complex. They have been reported in 
red foxes and raccoons by Habermann, et al. 
(1958) and in gray foxes by Helmboldt and 
Jungherr (1955). Ferrets were not inocu- 
lated nor were histological studies made of 
material other than the brain. These “ence- 
phalitic” foxes were seen clinically in large 
numbers as the die-off spread. Complaint 
investigation reports compiled by the sani- 
tarians of the Leon County Health Office 
showed that these foxes never attacked 
humans, but often wandered into towns and 
along highways in a fearless and confused 
state. 

It is impossible to estimate the number 
of foxes that died of “fox encephalitis” dur- 
ing the next few weeks, but the disease was 
seen clinically during the entire period when 
rabies was present in Leon County. More 
than 100 telephone complaints were re- 
ceived at the Leon County Health Office 
in cases where sick foxes appeared about 
homes without making any attacks. When 
this period ended, the fox population had 
been effectively reduced. Fox tracks were 
so rare in the epizootic area as to be remark- 
able. The violence and magnitude of this 


TABLE 2.—NuMBERS OF RABID FoxEs EXAMINED 
FROM LEON COUNTY DURING 1957 
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die-off were unmatched elsewhere in the 
period of our observation. 

In the spring of 1957 the rabies epizootic 
spread eastward into Madison County and 
five rabid foxes were killed. Here the fox 
population was less dense, as evidenced 
by track frequencies, and the die-off was 
slower. Fewer rabid foxes were submitted 
from the county, and rabies persisted longer 
than in Leon County. The last rabid fox 
examined was taken in July 1958. Eleven 
rabid foxes were examined during the 18 
months that rabies was present in Madison 
County. 

East of Madison County, the Withla- 
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coochee River appeared to serve as a barrier 
to rabies. A fox die-off had occurred in 
western Hamilton County in November 
1957, but the dead animals recovered by 
us were not rabid. Sick foxes reported had 
the behavior associated with “fox encepha- 
litis” and there were no reported attacks on 
humans or cattle. During November or 
December the frequency of fresh fox tracks 
at 100 random stations on dirt roads in 
Hamilton County decreased from 84 to 16 
percent. Two rabid foxes were taken in 
Hamilton County late in 1958, but farm-to- 
farm inquiries revealed no evidence of an 
epizootic. 


BEHAVIOR OF RABID FOXES 


Every conceivable type of behavior was 
reported in foxes which later proved to be 
rabid. Although they usually had lost all 
fear of man or dogs, a few rabid foxes fled 
when found by quail hunters. One of these 
fought the dog which caught it, but at least 
two others offered no effective defense. 
Some rabid foxes bit hesitantly and gently, 
sneaking up on their victims from behind. 
Others delivered aggressive and sustained 
attacks. One kept three farm laborers treed 
on a portable fuel tank for most of an after- 
noon before one of them slipped away to 
get a weapon. 

In one attack a fox dashed onto a front 
porch among a group of children, all of 
whom were startled into immobility. One 
child was sitting in a swing with a leg 
dangling. The fox bit this swinging leg 
savagely and left the porch without noticing 
the other children. It ran around the house 
and attacked a bedsheet which was billow- 
ing in the wind as it hung to dry. The bed- 
sheet fell on the fox whose violent struggles 
imprisoned it in the rolled-up sheet. 

Several foxes entered farm yards and at- 
tacked dogs. In one case the fox escaped 
after the fight became general among a pack 
of hounds, and was killed farther down the 
road by a pursuing farmer. Similar accounts 
were received throughout the epizootic area 
wherever bite victims, or their neighbors, 
were questioned. 

Most rabid foxes conformed to two gen- 
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eral behavior patterns, however. In one 
type the fox appeared suddenly as } 
launched an aggressive attack with variable 
success. The condition of the fox usually 
determined the results, but in most instances 
a bite was delivered. In the other type of 
incident the fox was seen in the daytime, 
often in a confused or weakened condition, 
and was attacked by dogs or people. These 
foxes bit many dogs, but were not as suc. 
cessful in biting people. Often they made 
little or no defense. Large numbers of foxes 
in this condition were killed by automobiles, 
but usually they were not examined for 
rabies. 


Discussion 


Observation of this epizootic illustrates 
several points of interest. In every case 
where a major stream lay across the path 
of the epizootic a delay of several months 
occurred. In the case of the Ochlochnee 
River it seems that the disease traveled 
around the headwaters, instead of crossing 
the stream. Rabies first appeared east of 
the Ochlochnee in Jefferson County some 
25 miles southeast of the river. It was not 
until 2 months later that rabid foxes were 
reported near the Ochlochnee River in Leon 
County. Meanwhile, rabies raged in all of 
the Georgia counties in which the Ochloch- 
nee River rises. The epizootic did not cross 
the Choctawatchee and Withlacoochee Riv- 
ers. It apparently moved around the head- 
waters of both, but in the Withlacoochee 
River area, eastward spread did not con- 
tinue. Fox populations east of the river had 
died off earlier from another disease and 
there was no opportunity for an epizootic 
in Hamilton County. Spread westward, 
across the Choctawhatchee River, did not 
appear until the spring of 1959. It is not 
clear that rabies ever crossed the Apalachi- 
cola River in gray foxes. This river, which 
rises in the mountains about 300 miles to 
the north, marked the eastern boundary of 
the epizootic for almost three years, from 
the fall of 1953 until at least as late as the 
summer of 1956. During that period rabid 
gray foxes were reported almost constantly 
along the western bank. 





logic 
in g 
port 
flatv 
coul 
they 
seld 
latio 
dens 
epiz 
repc 
ease 
mun 
indi 
clay 
usué 
line. 
regi 
but 
in tl 


nout 
rapi 
seas 
mor 
foxe 
spre 
mer 
soni 
que 
seel 
that 
has 

and 
acti 


red 
litis 
tho 
fror 
fore 
er 
pop 
mo} 
Cor 
pea 
of : 
sun 
hur 
asst 








NT one 
as it 
ariable 
sually 
tances 
ype of 
ytime, 
dition, 
These 
iS suc. 
made 
foxes 
obiles, 
J for 


trates 
” Case 
- path 
onths 
chnee 
veled 
yssing 
ast of 
some 
is not 
were 
Leon 
all of 
loch- 
cross 
> Riv- 
head- 
»chee 
con- 
r had 
- and 
ootic 
vard, 
1 not 
s not 
achi- 
vhich 
es to 
ry of 
from 
s the 
rabid 
antly 








Fox RasigEs IN FLoripa—Jennings et al. 177 


Plant communities functioned as eco- 
logical barriers to epizootic spread of rabies 
in gray foxes. Rabid foxes were never re- 
ported from areas of swamp, marsh or pine 
flatwoods. Trapping success and_ track 
counts in these communities indicate that 
they are marginal habitat for gray foxes and 
seldom support even moderately large popu- 
lations. Rolling sandy pine land supported 
denser fox populations but also retarded 
epizootic spread. Single rabid foxes were 
reported from this community when the dis- 
ease raged in more favorable adjacent com- 
munities. Track counts at random points 
indicated comparable populations on the 
clay and sand soils but control trapping 
usually yielded fewer foxes per mile of trap- 
line. We concluded that this sandy soil 
region supports less dense fox populations 
but that the individuals travel more widely 
in the less productive community. 

The rate of epizootic spread showed pro- 
nounced seasonal fluctuations. It was most 
rapid in the January and February mating 
season. It was almost as great in the fall 
months, when litters break up and young 
foxes disperse. Epizootic outbreaks ceased 
spreading during the late spring and sum- 
mer and often died out entirely. These sea- 
sonal variations were reflected in the fre- 
quency with which fresh fox tracks were 
seen on dirt roads. This correlation suggests 
that the amount of contact between foxes 
has as much influence on the dissemination 
and perpetuation of rabies in an area as the 
actual population density does. 

Populations which had been moderately 
reduced from higher densities by “encepha- 
litis” did not impede epizootic spread, al- 
though fewer rabid foxes were submitted 
from areas where reductions occurred be- 
fore rabies appeared. Rabies persisted long- 
er in these areas of moderately reduced 
populations than in areas where foxes were 
more abundant. Gadsden and Madison 


Counties exemplify areas where rabies ap- 
peared after foxes had died off. Reports 
of sick and dead foxes found during the 
summer months without any attacks on 
humans suggested a die-off similar to those 
associated with “fox encephalitis” earlier. 


Fox populations remained at moderate 
levels afterward. When compared with 
other counties, the rabies die-off in Gadsden 
and Madison Counties was less severe, 
fewer human attacks were reported and 
rabies was present longer by 4 and 16 
months respectively. Perhaps this prolonga- 
tion of the die-off illustrates the conditions 
which could combine to make it possible 
for a county to serve as a center of reinfec- 
tion for the surrounding fox populations. 
Under optimum conditions of population 
size, habitat dissection, and seasonal reduc- 
tion of infective contacts, it may be possible 
for a gray fox population to maintain an 
infection so prolonged as to cause the dis- 
ease to appear enzootic. These conditions 
have not been observed in Florida. 

Figures are not available for estimating 
the number of rabid foxes that contacted 
humans during the epizootic. A reliable 
estimate would indicate whether or not 
rabies can persist in a gray fox population 
for the 3- or 4-year period ordinarily ob- 
served between epizootics without being 
detected by an animal bite reporting system. 
Our best figures were recorded in Leon 
County where rabies and “fox encephalitis” 
occurred simultaneously. It was estimated 
that about five foxes per square mile lived 
in the 500 square miles of fox habitat cov- 
ered by the epizootic. Since most of the 
foxes died off here, and 49 rabid foxes at- 
tacked humans, a minimum estimate of the 
rate at which rabid gray foxes were recorded 
is about 2 percent. A number of rabid foxes 
were killed during unsuccessful attacks on 
dogs or humans and would ordinarily be 
reported and examined if an epizootic did 
not prevail. At least 100 reports of this kind 
were received by the Leon County Health 
Office but were not investigated further. 
A large part of the fox population died of 
another disease and should be deducted 
from the population estimate. From rough 
calculations it appears that an estimate of 
the minimum rate at which rabid foxes are 
reported lies between 6 and 15 percent of 
all foxes dying of rabies. If a 17-day incu- 
bation period is allowed, then more than 
60 rabid foxes would be required to sup- 
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port the disease during the 3- or 4-year 
period between epizootics, and from 3 to 8 
of these would be reported. These figures 
are probably minimal because we have al- 
lowed for a single fox transmission chain. 
Other factors, such as the appearance of 
rabid cattle and dogs, would also increase 
the probability of a rabies report. Seasonal 
fluctuation of infective contacts should also 
be considered. A transmission rate which 
would insure survival of the virus during 
the summer months, when fox activity is 
reduced, could produce a severe outbreak 
of rabies in a mating fox population during 
the winter. Conversely, a transmission rate 
low enough to escape attention during the 
winter probably would not maintain the 
number of infections necessary for the virus 
to survive the summer months. It seems 
unlikely that enzootic rabies could persist 
between epizootics in partially reduced 
gray fox populations of counties as thickly 
settled as Leon County without attracting 
enough attention to produce an official rec- 
ord. Since one of the big problems of wild- 
life rabies lies in the identity of the reser- 
voir, other epizootics should be observed so 
that more reliable estimates of reporting 
rates can be made. 

The data available on attack and report- 
ing rates in Leon County suggest that enzoo- 
tic rabies in gray foxes would be discovered 
by a good wildlife rabies surveillance pro- 
gram which includes yearly estimates of fox 
population size and trends, interviews of all 
animal bite victims, and periodic searches 
for reports of sick or fearless foxes at country 
stores, selected farms or other good sources 
of community news. 

These considerations are enlightening 
when the rabid fox records from peninsular 
Florida are examined. The average period 
of more than a year between successive 
rabid foxes in each county suggests that 
these may not have a direct relationship. If 
this is true, frequent reinfection of the fox 
population from some outside rabies reser- 
voir is indicated. Our present data can carry 
our speculations no further, but the sugges- 
tion of an inapparent rabies reservoir among 


wildlife species is consistent with the obser. 
vations made in Florida. 

Attempts to reduce gray fox populations 
ahead of the front of epizootic spread by 
trapping were not successful. Farmers never 
became interested in cooperative trapping 
programs before several rabid fox attacks 
had occurred in their area. In Holmes and 
Calhoun Counties large numbers of foxes 
and even larger numbers of other wildlife 
species were taken in steel traps by farmers 
who participated in organized trapping pro- 
grams after epizootic conditions prevailed, 
These efforts may have reduced the severity 
of the local fox infection, but they made no 
obvious difference in the rate at which ra- 
bies spread. In most other counties affected, 
farms are larger and trapping effort was less 
concentrated. There was no obvious effect 
on the epizootic or the fox population in 
them. Trapping was even less effective in 
the larger towns and suburban develop- 
ments. Rabid fox attacks were most fre- 
quent in some of these thickly settled areas, 
but trappers were scarce and suffered a pro- 
hibitive amount of trap disturbance from 
humans and domestic animals. 

During the epizootic few rabid animals 
of other carnivore species were recorded. 
Only 29 dogs, 14 domestic cats and 1 bobcat 
were submitted to the laboratory and proven 
rabid. Many dogs were killed after they had 
been bitten by foxes. The absence of rabid 
raccoons and skunks is noteworthy, since 
rabid individuals of these species are fre- 
quently recorded from peninsular Florida. 
Although this may be no more than a re- 
porting error, the absence of any previous 
record of rabid raccoons or skunks in the 
counties where fox epizootics have recurred 
suggests that the mode of rabies transmis- 
sion differs in the rest of the state. 


SUMMARY 


One third of the rabid animals examined 
by the Florida State Board of Health Lab- 
oratories in the 10-year period ending in 
1958 were attributed to an epizootic in gray 
foxes. Epizootic conditions among foxes 
were restricted ecologically to a 13-county 
region characterized by red clay soils. Sandy 
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soil communities supported smaller fox pop- 
ulations and served as barriers to the epi- 
zootic spread of rabies, as did major streams. 
Epizootic spread was fastest during and just 
after the fall dispersal and the winter mat- 
ing season. Local epizootics usually died 
out in summer. Fox populations which had 
been moderately reduced by trapping or by 
disease did not impede epizootic spread, 
although fewer attacks were reported from 
areas where reductions had occurred. The 
only observed effective control of fox rabies 
resulted from a concurrent infection of ra- 
bies and an undetermined disease which 
was recognized clinically as “fox encepha- 
litis.” 
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A NEW DISEASE IN ILLINOIS COTTONTAILS 


Deam H. Ferris, Rexford D. Lord, Jr., Paul D. Beamer, and Thomas E. Fritz 


Illinois Natural History Survey; Illinois Department of Conservation; and Veterinary College, 
University of Illinois, Urbana’ 


Little work has been done on the diseases 
of wild animals unless they have had a 
direct and obvious effect on man or on his 
domestic stock. Recent work concerning 
populations of cottontail rabbits (Sylvilagus 
floridanus) on two study areas in central 
Illinois has shown a large mortality occur- 
ring among the rabbits each year. Knowl- 
edge that all of the dead rabbits did not 
succumb to predators stimulated investiga- 
tions of their diseases. 

As part of a project designed to develop 
a method for determining the age of rabbits, 
numerous young rabbits were secured from 
their nests and raised in captivity. During 
the first two years of this project no sickness 


‘This study was made as a cooperative project 
by the Illinois Natural History Survey, the College 
of Veterinary Medicine of the University, the IIli- 
nois Department of Conservation and the Bureau of 
Sport Fisheries and Wildlife under funds provided 
by Federal Aid to Wildlife Restoration as Pittman- 
Robertson project W-42-R. 


occurred in these rabbits, but in the summer 
of 1958 sick rabbits appeared, showing un- 
usual neurotropic signs. These sick rabbits 
were subjected to tests for bacterial or 
mycotic causative agents and to patho- 
logical examination. Since neither bacterial 
nor mycotic cultures could be obtained from 
the tissues by routine diagnostic laboratory 
procedures, a more thorough program was 
organized to determine the etiology of the 
disease. In addition, efforts were made to 
obtain field data. 

During the early winter of 1958-59, re- 
ports were received concerning an unusual 
scarcity of rabbits in parts of Illinois. As 
a result, questionnaires were sent to all the 
conservation officers of the Illinois Depart- 
ment of Conservation requesting informa- 
tion concerning this apparent die-off, de- 
scribing the symptoms of the new disease 
and inquiring whether any such sick rabbits 
were seen. The results of this survey and 
reports from several other trained biologists 
indicate that this newly discovered disease 
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was prevalent in wild rabbit populations 
over a wide area of the state. 


METHODS 


The initial observations and experiments 
were made with the expectation of investi- 
gating a respiratory disease previously ob- 
served in the field. Approximately half of 
the previously mentioned wild rabbits were 
held in an indoor location and half out of 
doors. The temperature of the latter group 
of rabbits was taken each day. In an at- 
tempt to cause the respiratory disease syn- 
drome, rabbits were subjected to stress by 
dipping in water to which detergent was 
added. This form of stress did not change 
the temperature pattern of the rabbits or 
result in a significantly larger proportion 
of deaths. An ordinary glass anal or clinical 
thermometer was used in all work during 
the first year. Later an electronic ther- 
mometer utilizing a skin probe was utilized 
with the expectation that this would reduce 
the stress due to handling and consequent 
variability of the temperature readings. 

In October and November of 1957, a few 
rabbits exhibiting neurotropic signs were 
found among those being utilized for other 
investigations. Between these dates and 
January of 1959, 24 out of 64 young cotton- 
tail rabbits had the disease. About 30 adult 
rabbits of the same group were not affected. 
Motion pictures and photographs of the 
syndrome were taken and all possible ob- 
servations recorded. 

Because more rabbits began to exhibit 
the new disease syndrome, methods of de- 
termining the etiology of the disease were 
utilized to find if the cause were stress, a 
toxic, parasitic, mycotic, bacterial, rickettsial, 
or viral agent. These methods included: 

For stress —Wetting technique described 
later. 

For possible toxic agent.—Brain tissue 
and digestive system contents were used as 
inoculum in mice under 21 days old. One- 
tenth ml. of the supernatant fluid from 
brain tissue suspensions and 1 to 2 ml. of 
the supernatant fluid from centrifuged con- 
tents of the stomach and intestine of rabbits 
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were injected intraperitoneally and intr. 
venously into mice. 

For possible parasitic agent. — Blood 
smears were made from all rabbits and ex. 
amined for protozoa or larvae. Carefy| 
examinations of the viscera were made, with 
special attention being given to the alimen. 
tary tract. Fecal matter was examined fo, 
eggs. Ears were examined for mites. The 
inner ear structures of all rabbits were cyl. 
tured for microbial agents and examined for 
parasites. 

For possible mycotic agent.—Sabouraud’s 
dextrose agar was used for isolation of 
pathogenic fungi. 

For possible bacterial agent—Blood agar, 
MacConkey’s agar, tryptose agar and thio- 
glycolate medium were used routinely for 
attempts at isolation of pathogenic bacteria 
from all tissues. Due to the loss of equilib- 
rium, special attention was given to the 
inner ear. 

For possible viral or rickettsial agent— 
Embryonating egg and animal inoculations 
were utilized. Sections of the brain and 
spinal cord were aseptically removed and 
triturated in sterile borth. The mixture was 
inoculated into 10- to 12-day embryonating 
eggs, mice, and wild and domestic rabbits. 
Two-tenths ml. of the mixture was inoc- 
ulated into the chorio-allantoic chamber of 
the embryonating egg; 0.3 ml. was inoc- 
ulated intracranially into mice and 0.5 ml. 
into both cottontail and domestic rabbits of 
various ages. 

A serum sample from each rabbit which 
was killed was frozen and stored at -44°C. 
A 4-mm. longitudinal section from the cen- 
ter of each side of the entire brain was 
removed and fixed in 10 percent formalin 
for histological examination. In some cases, 
the spinal cord also was removed and fixed. 
Microscopic slides were prepared from these 
sections by standard histopathology pro- 
cedures and examined by pathologists who 
are coauthors of this paper. 


RESULTS 


Observations on the syndrome.—The syn- 
drome invariably followed the same pattern. 
Rabbits were discovered with a slight to 
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Fc. 1. 


severe torticollis (twisting of the neck re- 
sulting in an unnatural position of the head ), 
usually, if not always, to the left (see 
Fig. 1). In 2 to 5 days the torticollis be- 
came worse. When the animal tried to move 
at this stage it would fall and attempt to 
recover in an uncoordinated “spiral” to the 
left; when excited, several rapid “spiral” 
movements would be completed. Following 
this state, in a few days the animal showed 
signs of general incoordination with paral- 
ysis of the hind quarters. Appetite was not 
affected; the animal continued to attempt 
to eat, although with difficulty. Paralysis 
in some cases became general. The animal 
then had to be placed in position to eat and 
drink. Rabbits were killed at various stages 
of the syndrome in order to study the etiol- 
ogy and pathogenesis of the disease. Al- 
though it was not intended that any should 
go beyond the moribund stage, a few died 


Half-grown cottontail rabbit with the torticollis sign of the disease. 


between feeding and observation periods. 
Death appeared to be at least partially due 
to starvation and dehydration. 
Temperatures taken during the early 
stages of the syndrome were high. The 
literature (Beller and Bieling, 1949-50; 
Cowdry, 1926; and Lazarus, 1928) indicates 
that handling will influence the temperature 
of rabbits. Because rectal temperatures of 
apparently normal rabbits varied from 99.6° 
to 104°F., with an average of 101.8°, tem- 
peratures in excess of 104.5°F. only were 
considered significant. Figure 2 shows the 
temperature of three rabbits in early stages 
of the syndrome. Rabbit 1 had a natural 
infection which was followed before the 
animal was killed. Rabbits 2 and 3 were 
inoculated intracranially with a brain sus- 
pension taken from a rabbit in the early 
stages of the syndrome. Rabbits 1 and 2 
(cottontail rabbits) showed signs of torti- 


TEMP. 
CF" 
109 


(Killed) © (Killed) 
a 





108 
107 
106 
105 }- 
104 
103 
102 


100 





100 





1 2 3 4656 6 FT ®& 
Days after inoculation or first observation 
of torticollis. 
CASE 1.0 V 103498 (Electronic thermometer) (Natural Disease) 
CASE 2.4 (inoculated). 
CASE 3.¢ (inoculated). 


Fic. 2. Temperature patterns of three rabbits 
after showing first signs of torticollis. 


collis; rabbit 3 (an older domestic rabbit ) 
showed only a temperature rise. 

Etiological investigations—Wetting the 
fur of rabbits has been mentioned as a 
means of inducing stress (personal com- 
munication between Dr. Clinton H. Con- 
way, University of Missouri, and R. D. 
Lord, Jr.). A few rabbits which were sub- 
jected to wetting died overnight, but the 
temperature and death pattern of the 
stressed rabbits did not differ significantly 
from the non-stressed. In a few cases a 
rabbit was found dead while still wet, sug- 
gesting that there was a relationship be- 
tween this stress and its death. In no case 
did any distinctive disease syndrome appear 
after this form of stress. 

There was no evidence of any toxic agent. 
Tissue suspensions and fecal matter injected 
into mice caused no deaths. 

The cottontails showed less than the usual 
amount of parasitism. A few specimens had 
cysticerci of Taenia pisiformis. Tricho- 


monads and coccidia were present in a few. 
Of more interest was a single nematode 
larva found encysted in the brain of a rabbit 
which had torticollis. A careful examination 
of all rabbit tissues from nearly thirty speci- 
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mens did not reveal another larva. This one 
apparently had lodged in a capillary ang 
could not be considered the cause of this 
disease. Lund and Hagen (1959) list ea 
mange as a factor in torticollis of domestic 
rabbits. Careful inspection of all parts of 
the ear, including the inner ear, failed to 
show any evidence of infestation or injury 
to the inner ear. , 

In two instances pathogenic fungi were 
isolated from the lungs of rabbits, but not 
from the brain or spinal cord. One of these 
rabbits exhibited torticollis, but the lung 
infection was not obvious and apparently 
had no causative relationship with the 
torticollis. 

In spite of persistent efforts over a 2-year 
period, no bacterial pathogens were isolated 
from 30 to 40 rabbits. Particularly careful 
attempts were made on the 16 rabbits show- 
ing torticollis which comprised the major 
part of this study. 

In the summer of 1958 a series of attempts 
was made to recover a viral agent. Brain 
material of rabbits showing torticollis in- 
jected into 10- to 12-day eggs caused a few 
embryo deaths and no lesions. Brain ma- 
terial from rabbits in the latter stages of 
torticollis was injected intracerebrally into 
6 cottontail and 6 domestic rabbits. There 
were no signs (symptoms) or deaths. 

On July 16, 1958, a brain suspension from 
V75,188, a young cottontail in the first 
stages of torticollis, was inoculated intra- 
cerebrally into two young domestic rabbits 
and one young cottontail. Two days later 
torticollis was observed in one domestic 
rabbit and the cottontail. On the third day 
the cottontail and the other domestic rabbit, 
which had not shown symptoms, died. The 
domestic rabbit showing torticollis was 


killed and a brain suspension inoculated . 


into three old domestic rabbits and one 
cottontail. All rabbits showed a marked 
temperature rise (above 105°F.), but only 
the cottontail showed torticollis. No speci- 
mens were available at the time to continue 
the serial passage of the agent in rabbits. 
The cottontail progressed in the syndrome 
to the stage of a mild paralysis. All animals 
were killed and serum and tissues saved for 











Fu 
in 








“his One 
iry and 
of this 
list ear 
omestic 
darts of 
tiled to 
: injury 


si were 
but not 
f these 
e€ lung 
arently 
th the 
2-year 
solated 
careful 
; show- 
major 


tempts 
Brain 
llis in- 
a few 
in ma- 
ges of 
ly into 
There 
1S. 

» from 
> first 
intra- 
abbits 
s later 
mestic 
‘d day 
‘abbit, 
. The 


» Was 


ilated . 


1 one 
arked 
t only 
speci- 
itinue 
bbits. 
lrome 
‘imals 


»d for 








TRI: 








A New DisEASE IN ILuLriNo1s Corrontauis—Ferris et al. 


183 





Fic. 3. 


Section through the hippocampus of a cottontail exhibiting the disease. The small blood vessel 


in the center is surrounded by small mononuclear cells and the surrounding nervous tissue shows diffuse 
gliosis. 


further work with embryonated egg and 
tissue culture. 

Histopathology—The histopathology of 
the disease was studied in 16 cases varying 
from a few days after characteristic signs 
appeared to animals killed 2 months later. 
A more complete description of the pathol- 
ogy and pathogenesis of the disease would 
lengthen this paper unduly and will be re- 
ported later. The pathology is characteristic 
of neurotropic viral diseases. In early stages 
of the syndrome the brain had a mild focal 
inflammatory reaction in the subependymal 
and subpial regions with an increase in 
mononuclear cells. Later stages presented 
the features of an acute nonsuppurative 
encephalitis with glial node formation, neu- 
ronal necrosis, satellitosis, and neurono- 
phagia. There was mild‘to moderate peri- 
vascular infiltration of small mononuclear 
cells. Figure 3 shows some of these features 
in sections taken from the hippocampus. 


Results of the statewide survey—Com- 
pilation of reports obtained from conserva- 
tion officers resulted in 13 separate reports 
of sick rabbits exhibiting the special symp- 
toms of this new syndrome. Many of these 
reports included more than one observation. 
The following counties were reported as 
having one or more sick rabbits: DeKalb, 
1; Whiteside, few; Henry, few; LaSalle, 7; 
Tazewell, 1; Shelby, 2; Macoupin, 1; Clin- 
ton, 31; Edwards, several; Wabash, 1; 
White, several; and Franklin, 6. In addi- 
tion, an unsolicited report was received 
from a trained biologist working in Wabash 
County. In July 1958, this worker described 
the symptoms of this syndrome in a sick 
cottontail rabbit encountered in the field. 
This biologist had not yet heard of our find- 
ings when he reported this sick rabbit. An- 
other trained biologist working in Ford 
County near Sibley, who was well aware 
of our findings and had seen the symptoms 
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in our sick, caged rabbits, reported seeing 
a sick rabbit exhibiting the same symptoms 
while he was catching pheasants by night- 
lighting. In still another case a farmer in 
Ford County described an episode which 
occurred shortly after he placed a half- 
grown wild rabbit in a cage with another 
wild rabbit of approximately the same age. 
The farmer claimed that his rabbit had 
“castrated” the new rabbit (because he had 
heard of such things) even though he could 
see no outward evidence such as blood or 
a wound. He then proceeded to describe 
quite accurately the symptoms of this new 
disease as the prolonged sickness of the 
“castrated” rabbit. 


DISCUSSION 


Cowdry (1926) and others have reported 
spontaneous encephalitis of domestic rab- 
bits (Oryctolagus cuniculus) in various 
parts of the world. This disease was not 
characterized by torticollis and progressive 
paralysis. It was thought to be caused by a 
parasite, “Encephalitozoon cuniculi” (Mura- 
tova, 1927). Beller and Bieling (1949-50) 
question the relationship of the parasitic 
protozoon to the encephalitis. They suggest 
that a virus or toxoplasma organism may be 
responsible. 

These publications refer to the European 
rabbit. Little has been found on neuro- 
tropic diseases of the cottontail. The sug- 
gestion that ear mites may cause a torticollis 
of domestic rabbits was mentioned pre- 
viously (Lund and Hagen, 1959). This 
possibility was eliminated in cottontails 
used in this study. Due to limitation of 
funds it was not possible to continue the 
serial passage of the agent in rabbits at the 
time of this investigation. However, the 
possibility of passing it in rabbits of appro- 
priate age and the pathology characteristics 
of a viral agent were demonstrated. 

From the results of the laboratory in- 
vestigations and reports from the field a new 
disease of widespread distribution has been 
found in the cottontail rabbit. 


Because all of the rabbits examined ;, 
date that have contracted this disease hay, 
been juveniles, it is possible that the diseas, 
is important only to the juvenile segment gf 
the cottontail population. The occurren, 
of the disease in the summer and its cesgy, 
tion in the wild with the onset of Winter 
suggest that an arthropod vector may 
involved. 


SUMMARY 


The appearance of unusual neurotropic. 
type signs in 24 sick rabbits of a cage 
colony of 94 cottontail rabbits stimulate) 
investigation of this disease. Successfy| 
laboratory passage of this disease plus lack 





of evidence of any bacterial, mycotic or | 


toxic cause of this disease indicates that the | 
agent is a virus. In addition, histopatho. 
logical examination of nervous tissue from | 
the sick rabbits indicates a virus as an etio- 
logical agent. 
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RESULTS OF A BANDING STUDY OF GAMBEL’S QUAIL IN 
SOUTHERN ARIZONA’ 


Lyle K. Sowls 


Arizona Cooperative Wildlife Research Unit, University of Arizona, Tucson, Arizona 


The purpose of this paper is to summarize 
the results of a trapping and banding study 
on Gambel’s quail (Lophortyx gambelii) in 
southern Arizona. This study was con- 
ducted between October 1952 and Decem- 
ber 1956. The objective was to determine 
the survival of natural populations, and to 
gather information on sex ratios and the 
percentage of young in the population from 
one year to another. During the period of 
study 2,785 individual quail were trapped 
and banded on three study areas. Many of 
these quail were trapped several times and 
in different years. All trapping was done 
in the fall and early winter at the same trap- 
ping stations each year. Scratch feed was 
first used as a bait but less costly milo maize 
seed proved just as effective. Large traps 
as previously described by Sowls and Green- 
walt (1956) proved efficient in catching 
large numbers of birds in permanent loca- 
tions. This paper suggests a number of 
generalizations regarding the population 
dynamics and ecology of the Gambel’s quail 
in Arizona. 


Stupy AREAS 


Three areas were used. The most impor- 
tant of these was a 1200-acre tract’ known 
as the Linda Vista area, one mile south of 
Oracle. About one-half of this area is oak 
woodland. It is generally rolling in char- 
acter with a great many arroyos cutting 
through it which form important pathways 
for quail. This area had five sources of 
open, free water during most of this study, 
and these watered areas were important 
concentration points for the quail during the 





* Contribution of the Arizona Cooperative Wild- 
life Research Unit; University of Arizona; Arizona 
Game and Fish Department; Wildlife Management 
Institute; and U.S. Fish and Wildlife Service, 
Bureau of Sport Fisheries and Wildlife, cooperating. 


dry seasons. Trapping was carried out be- 
tween 1952 and 1956 inclusive. 

The second area, which was trapped be- 
tween 1953 and 1955, was 640 acres known 
as Page Ranch about 6 miles southwest of 
Oracle. This area was about 6 miles from 
the Linda Vista area and was entirely cov- 
ered with desert grassland vegetation. The 
trapping effort on this area was never as 
intensive as on the Linda Vista area. 

The third area, known as the Burney 
mine area, was located 4 miles southwest 
of Oracle and between the other two areas. 
This was about 400 acres of heavily grazed 
desert grassland where quail were trapped 
in 1954 and 1955. 


SEx AND AGE RaTIos 


Sex ratios—Table 1 gives the sex and age 
ratios of all quail trapped during the years 
1952 through 1956 on all three study areas. 
These figures represent yearly ratios, and 
many of the same birds were trapped dur- 
ing different years. Thus birds trapped in 
one year and retrapped in subsequent years 
are included in more than one year. Of the 
2,785 individual quail trapped and banded, 
55 percent were males. 

Little previous data on sex ratios of Gam- 
bel’s quail in Arizona have been published. 
Gorsuch (1934) trapped 304 Gambel’s quail 
and found a 51:49 ratio favoring the males. 
The relationship between sex ratios and pro- 
duction is worthy of note. Wagner (1957) 
has pointed out that in years of low pro- 
duction, sex ratios of pheasants favor the 
males and in years of population increase 
the ratios favor the hens. 

Bennitt’s (1951) data on the Missouri 
bobwhite, when plotted, also indicate that 
there is a tendency for a larger percentage 
of adult males in the population during 
years of poor production. The reasons for 
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TABLE 1.—Sex AND AGE oF ALL GAMBEL’s QuAIL TRAPPED ON ALL AREAS FROM 1952 To 1956 INCLUsiyg 











ADULTS JUVENILES ApuLT SEx Ratio JUVENILE SEX Ratio 

Year - ercent 

Male Female Male Female Males—Females Males—Females Juveniles 
1952 73 48 177 154 60:40 53:47 73 
1953 227 199 184 175 53:47 51:49 46 
1954 347 266 338 284 57:43 54:46 50 
1955 308 239 102 101 56:44 50:50 97 
1956 143 94 94 75 60:40 56:44 49 
Totals 1098 846 895 789 56:44 53:47 46 





the higher percentage of adult males during 
years of low production for the pheasant 
and the Missouri bobwhite are not clear. 
Wagner (1957) has pointed out that this 
relationship in the pheasant is not one which 
has been brought about by hunting. It seems 
apparent that there is a variation in the 
annual mortality rate in one of the sex 
classes. 

A reversal of that found among these 
eastern species seems to be present among 
southwestern quail. Among Texas bob- 
whites (Lay, unpublished data) found that 
a larger proportion of adult cocks were in 
the populations in years of good production. 
Wallmo (1956) concluded that among 
scaled quail in Texas the percentage of 
adult males in the population was highest 
in the fall when the percentage of young 
was highest. Among Arizona Gambel’s 
quail we found indications that the per- 
centage of adult males in the fall popula- 
tion was highest in years of good produc- 
tion in 4 of the 5 years of the study, 
and as production dropped so did the per- 
centage of adult males in the autumn popu- 
lation. The fact that southwestern quail 
may exhibit a reverse type of change and 
give a higher survival of hens during years 
of low production suggests that regional 
climatic factors may be the key to under- 
standing this phenomenon. 

One possible reason for this reverse situa- 
tion among southwestern quail, as contrast- 
ed to eastern and northern birds, can be 
found in different climatic conditions be- 
tween the two areas and in the different 
response of quail to these different con- 
ditions. In eastern and northern states the 
greatest drastic climatic influence comes in 


early spring with the first nesting. Disrup. 
tion of these early nesting efforts is followed 
by renesting attempts. When forced to re- 
nest several times, hens are exposed to new 
hazards and resulting heavier loss of adult 
hens. 

In the southwest, on the other hand, in 
exceptionally dry years when production is 
low, many quail remain in coveys and make 
no nesting attempts. In this situation low 
production is probably accompanied by 
more equal survival between males and 
females. Thus the years of low production 
in the arid southwest are years when a 
higher percentage of adult males could be 
expected in the population, while in north- 
ern and eastern areas the reverse might 
be true. 

Not only does the percentage of adult 
males appear greater during years of high 
production, the percentage of juvenile males 
also appears to be greater. Obviously, the 
reason for this does not follow the conjec- 
ture that has just been made. 

Age ratios.—Age ratios found in this study 
varied greatly from one year to the next. 
As has been pointed out by Swank and 
Gallizioli (1954), populations of Gambel’s 
quail in Arizona fluctuate violently in re- 
sponse to weather conditions, and _ high 
spring production of young follows win- 
ters of heavy rainfall. Lehmann (1953) 
found similar fluctuations in the produc- 
tion of young bobwhite quail (Colinus vir- 
ginianus ) in Texas. 

The results from our study substantiated 
the conclusion of these authors in respect 
to the effect of winter moisture in regulating 
the age ratio of the populations the follow- 
ing autumn. 
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Fic. 1. Relationship of winter rainfall to age 
composition of the quail population of the follow- 
ing year. 


Figure 1 shows the amount of rainfall 
recorded at Oracle during the months of 
November through March and also the ob- 
served percentage of young in the popula- 
tion the following fall. These months are 
not arbitrarily chosen; rather they delimit 
the period of winter rains which influence 
the growth of food plants prior to fhe nest- 
ing season. Southern Arizona has two dis- 
tinct dry seasons and two distinct wet sea- 
sons each year. In a “normal” year Septem- 
ber and October are dry. Winter rains 
begin to fall in November and cease about 
April 1. However, during many years there 
is very little winter rainfall and consequent- 
ly only sparse winter and spring vegetation. 
May and June normally are dry months and 
the summer thunderstorms come in July and 
August. 

The increase in the percentage of young 
quail in the population with the increase 
in the winter rainfall of the preceding win- 
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ter, as shown in Figure 1, is similar to 
that earlier found by Swank and Gallizioli 
(1954). 


SURVIVAL STUDIES 


Method and critique of method.—One of 
the principal purposes of this study was to 
determine the minimum survival rates of 
natural quail populations from one year to 
the next. To do this, several methods may 
be used. Leopold, et al. (1943) used a com- 
bination of trapping and drive-census to 
study the population turnover in a ring- 
necked pheasant (Phasianus_ colchicus) 
population. Buss (1946) used banding, re- 
trapping and hunters’ band returns on 
pheasants. Stokes (1954) used banding, 
population estimates, and band returns to 
determine pheasant survival. For small 
numbers of California quail (Lophortyx 
californica), Sumner (1935) used intensive 
trapping methods to gather information on 
survival of birds over a 1-year period. 
Emlen (1940) estimated survival rates from 
age ratios in populations of California quail. 
In this study we trapped and banded large 
numbers of quail and in the following years 
determined the number of survivors by re- 
trapping. Farner (1955) and Hickey (1952; 
1955) have pointed out the shortcomings 
of this method. The principal difficulty has 
been recapturing all surviving birds or de- 
termining when a certain percentage of the 
surviving birds has been caught. 

The value of the retrap method to gather 
information on survival depends largely on 
the amount of movement of birds into and 
out of the study area, on the uniformity of 
trapping effort from one year to the next, 
and on the readiness with which quail enter 
the traps. 

During the second year of this study, 
Lynn A. Greenwalt, a graduate student, 
conducted a quail-movement study on the 
Linda Vista area. Greenwalt remained on 
the area for one full year and concluded 
(1955) that on this area year-to-year move- 
ments generally did not exceed about 550 
yds., that there was no evidence of seasonal 
shifts, and that the presence of free water 
tended to concentrate the quail about the 
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TABLE 2.—NUMBERS AND PERCENTAGES OF QuAIL TRAPPED IN GIVEN YEARS AND KNOWN TO Survive 7 
SUCCEEDING YEARS ON THE LINDA ViIsTA AREA 








KNOWN PERCENTAGE SURVIVING OF TuHosg 











ADULTS JUVENILES ALIVE PREvioUuS YEAR 
Q Adults ” Juveniles Males Females “All Binds 
Original number 
trapped 1952 73 48 173 148 
Known surviving 
to: 1953 29 19 66 57 40 38 39 39 39 
1954 13 6 , 29 40 46 42 46 44 
1955 6 2 11 12 42 4l 43 40 4] 
1956 4 0 5 5 50 43 53 36 46 
Overall survival rates 40 41 40 40 40 
Original number 
trapped 1953 162 136 142 131 
Known surviving 
to: 1954 61 53 36 40 38 28 32 35 33 
1955 26 18 9 13 39 28 36 33 35 
1956 9 6 4 3 34 33 od 29 33 
Overall survival rates 38 28 34 34 34 
Original number 
trapped 1954 220 156 204 184 
Known surviving 
to: 1955 74 57 35 42 35 20 26 29 | 
1956 8 4 14 7 9 27 20 11 16 
Overall survival rates 28 21 25 25 25 





water areas. Only 13 percent of the marked 
quail moved more than 480 yards within 
one year and the longest movement was 
0.83 mile. 

Gullion (1956) reported occasional long 
movements of the Gambel’s quail in Nevada 
but concluded that such movements are 
exceptional. 

We repeatedly found that coveys or 
groups consistently followed the same ar- 
royos and came to the same traps, but that 
only a short distance away different groups 
of quail were following other arroyos with- 
out crossing from one arroyo to another. 
The regularity with which these quail travel 
the same paths and use the same areas in- 
creased the value of the retrap method as 
a means of studying survival. Drive cen- 
suses as a means to gather total population 
figures were tried but proved to be too cost- 
ly and of little value. 





Because they entered traps readily, were 
extremely sedentary, and were found to con- 
centrate in certain places, the retrap method 
to study survival appeared to work better 
on Gambel’s quail than on almost any other 
species of bird. Some advantage seems to 
have been gained also by their acquaintance 
with the baits and use of the same trap 
sites each year. 

Recovery data—By the methods de- 
scribed above, figures on the recovery rate 
of Gambel’s quail were obtained on one 
of the three study areas, the Linda Vista 
area. These recovery rates are the percent- 
age of birds recaptured in following years. 
They represent the minimum number of 
birds that could still have been alive in 
succeeding years. These data are shown 
in Table 2. 

Figure 2 shows graphically the decline 
of this population for all birds trapped in 
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1952, 1953 and 1954 through the following 
years of the study. 


DIscuUSsION 


Table 2 and Figure 2 show a decline in 
the recoveries to below 5 percent in 4 years. 
The data indicate a recovery rate between 
39 and 46 percent per year for all birds 
trapped in the year of highest production, 
1952, with an overall survival rate of 40 
percent. Of the entire population trapped 
in 1953 the recovery rate fell to between 33 
and 35 percent per year for all birds trapped 
with an overall survival rate of 34 percent. 
For all birds trapped in 1954 it fell again 
to 27 percent in 1955 and 16 percent in 1956 
with an overall survival rate of 25 percent. 

What percentage of this drop was caused 
by unequal trapping effort between years? 
This cannot be answered; but if it is sig- 
nificant, why did the recovery rate, even 
in these years, remain so high for the birds 
first captured in 1952 on the study area? 
In 1952 we found the highest percentage of 


Percentages of quail known to be alive in years following banding. 


young of any year of the study. The juve- 
niles from this year showed the highest re- 
covery rates, not only in their first year, but 
throughout their period of existence in the 
population. During the next 2 years the 
percentage of juveniles dropped and so did 
recovery rates, not only the first year but 
also in each year of the study. There seems 
to be a slightly similar tendency among the 
adults. This suggests the possibility that 
during a year in which breeding success 
is low there is not only a small crop of 
young, but, as adults, this cohort of the 
population has lower vigor and _ higher 
mortality throughout its history in the 
population. 

If these possibilities are realities within 
a quail population, we can expect not only 
varying recovery rates in trapping as is 
shown in Table 2, and varying rates of true 
survival, but also a compounding of the 
effects of two or more successive dry years, 
and a faster decline in the population than 
that from reduced breeding success alone. 
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Although the results are variable, a lower 
recovery rate is indicated for females than 
for males. In view of an increase in males 
(Table 1), this is to be expected in the 
population. 
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SUMMARY 


Between 1952 and 1956, 2,785 individual 
Gambel’s quail were trapped and banded 
on three study areas in Arizona. Of this 
number 55 percent were males. The species 
was found to be extremely sedentary and 
no large population shifts were found. These 
quail were easily trapped and concentrated 
about certain areas. 

The retrap or recovery method was used 
to determine the number of survivors from 
past years. Recoveries declined almost to 
0 in 4 years. For birds first trapped 
in 1952, the year of highest production, a 
recovery rate of between 39 and 46 percent 
per year was found for succeeding years. 
Recovery rates for all birds trapped in 1953 
and 1954, years of low production, were 
from 33 to 35 percent per year to only 16 
to 27 percent per year, respectively, in suc- 
ceeding years. These recovery data suggest 
that birds which hatch in a year of high 
productivity continue to have a higher sur- 
vival rate, even as adults in later years, than 
birds hatched in a year of low productivity. 
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LONGHORN CATTLE MANAGEMENT ON WICHITA MOUNTAINS 
WILDLIFE REFUGE 


Arthur F. Halloran and Claud A. Shrader 
U.S. Fish and Wildlife Service, Cache, Oklahoma 


The lore of the longhorn cattle (Bos 
taurus ) of the American West has been well 
documented (Dobie, 1941). Little, how- 
ever, has been written about the care and 
management of this distinctive cattle type. 
With the exception of record horn spans, 
few figures are available on horn size or 
body weight of grass-fed longhorns. It is 
the purpose of this paper to outline man- 
agement methods and present horn and 
weight data from the longhorn herd now 
found on the Wichita Mountains Wildlife 
Refuge. 


LOCATION AND DESCRIPTION OF AREA 


The Wichita Mountains Wildlife Refuge 
is located in the Wichita Mountains of 
Comanche County, southwestern Oklaho- 
ma, a region of hills, low mountains, and 
ridges that emerge from a nearly flat plain. 
Gabrielson (1943) has outlined the admin- 
istrative history of the area. The ecology 
of the refuge and the status of the larger 
mammals are described by Halloran and 
Glass (1959). 


SOURCE OF THE HERD 


Dobie (1941) has traced the longhorns 
to the black bulls of Spain. Ahrens. (1936) 
has linked these fighting Spanish cattle in 
body shape and horns to the ur or aurochs 
(Bos primigenius), the progenitor of all 
European cattle. This primitive bovine, 
which became extinct about 300 years ago, 
is pictured in the early cave drawings of 
France and Spain (Ahrens, 1936). 

The first cattle brought to the mainland 
of the New World came from Santo Do- 
mingo in 1521. In 1640, Coronado brought 
the first cattle to what is now the United 
States (Dobie, 1941). The fame of the 
feral cattle that developed from these and 
other importations is well known. After 
the late years of the nineteenth century 


these longhorn cattle, as they came to be 
known, were largely replaced by better 
beef breeds. 

In the late 1920's the U.S. Forest Service 
decided to preserve a small longhorn herd. 
U.S. Senator John B. Kendrick of Wyoming, 
an old-time Texas cattleman, lent his aid 
and Congress appropriated enough money 
to purchase suitable specimens. The Aug- 
ust 7, 1927 issue of the San Antonio Light 
relates how Will C. Barnes and John H. 
Hatton, Forest Service officials, looked over 
thousands of Texas cattle to find typical 
longhorns. Twenty-seven head assembled 
from the brush country of southwestern 
Texas and the Texas Coastal Bend area 
were shipped to the Wichita National For- 
est and Game Preserve (Hatton, 1927). The 
longhorns were under Forest Service super- 
vision until 1935 when the area was trans- 
ferred to the Bureau of Biological Survey. 
The Bureau of Sport Fisheries and Wildlife, 
U.S. Fish and Wildlife Service, administers 
the refuge now. 


LONGHORN CHARACTERISTICS 


Forest Service officials gathered longhorn 
type characteristics from ranchmen, trail 
riders, historical accounts and other sources 
of information as guidelines in making the 
original and subsequent selections of indi- 
vidual animals. Body and horn character- 
istics from these sources cited by Allred 
(1947) are: 


A. Body 
1. Cows and steers: fairly large boned and 
rangy; average weight for cows 650 to 700 
pounds and larger sizes reaching 800 pounds. 
Fat 4 and 5 year old steers should weigh 
1000 to 1200 pounds; fairly smooth in con- 
formation; shallow heart girth and “slab- 
sided”; long legs with the forelegs appear- 
ing to be shorter than actual because of 
exaggerated forequarters; somewhat arched 
shoulders blending into the hollow of the 
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neck, forerib and loin, particularly in aged 
steers; sway-backed with sloping hips and 
bony fish-shaped prominence along the top 
of the rump just back of the line across the 
hip bones; not a highly efficient producer; 
eyes wide apart and appearing more so than 
actual because of long face; sometimes with 
coarse hair about the head and ears; head is 
generally large, sometimes with crown of 
hair between the horn bases; and neck is 
short and stocky. 

2. Bulls: characteristics for bulls are simi- 
lar to those of cows and steers except as 
indicated later. Horns are comparatively 
short and resemble those of a buffalo bull 
except those of Longhorns are set lower on 
the head; often with black muzzle, black eye 
rings and black tail switches; dewlaps are 
rather heavy; they are inclined to be mean 
and need watching; and hair tends to be 
coarse and thick. 

B. Horns 

Steer horns should not average more than 
12 inches in circumference at the hairline 
at 6 years and older; cow horns should be 
much smaller; they should grow horizontally 
with slight twist rather than erect although 
both are acceptable; tips of steer horns are 
often black; a six year old steer with a 5 
foot horn-spread is acceptable; 7 and 8 foot 
spreads are extremely rare. 


Weights of Wichita animals will gen- 
erally be higher than these cited figures, 
possibly because of better range conditions. 
In 1935, three 4- to 5-year-old bulls pur- 
chased in Mexico had a combined weight 
of 1535 pounds. A year later one of this 
trio weighed 1140 pounds. Tables 3 and 4 
contain typical Wichita longhorn cattle 
weights. 

Dobie’s (1941:33) longhorn color de- 
scription is: 


It is incorrect to say that they represented all 
the colors of the rainbow. Their colors were more 
varied than those of the rainbow, but they were 
generally dull, earthlike. There were brindles; 
blues—mulberry blue, ring-streaked blue, speckled 
blue; grullas [Sp. grulla, crane]—so-named_ be- 
cause they had the hue of the sand-hill crane, 
called also mouse-colored, or slate; duns, dark, 
washed-out and Jersey creams—all hues of “yel- 
low”; browns with bay points and bays with brown 
points; blacks, solid and splotched with white, 
brown and red; whites, both cleanly bright and 
dirty speckled; many sabinas, red-and-white pep- 
pered; reds of all shades except the dark richness 
characteristic of Herefords, pale reds being very 
common; paints of many combinations. The line 
along the back was common, as in the mustang 


breed. Coarse brown hairs around the ears wer 
characteristic. The shadings and combinations of 
colors were so various that no two were alike, 


MANAGEMENT TECHNIQUES 


Basically management techniques follow 
those used on carefully managed westem 
cattle ranches. Stock ponds and lakes are 
so distributed that there are few places op 
the range where cattle have to go more 
than a mile to water unless prolonged 
drought dries up the small ponds and 
springs. Salt, both mineralized and plain, 
is distributed in all sectors. Longhorns feed 
on range grass the year around. No sup. 
plements are fed unless an animal is sick oy 
aged. 

In order that calves may come over a 
shorter period of time at the proper season, 
bulls are put with the cows May 15. The 
bulls are left with the cows until mid- 
August. During the time that selected bulls 
are in service, the old and young bulls are 
isolated in the Mt. Scott Pasture in the 
eastern sector. At the present time yearling 
heifers are not bred. This policy allows 
better development before calving. 

Early calves are preferred for retention 
because of improved cow condition the 
following winter. An exception is made to 
this general rule if a well-marked late calf 
is produced by a good cow having large 
horns and desirable color. 

Bull calves are separated from the cows 
when weaned. A cow that is to bring a calf 
will wean about December 1, unless her 
calf at side is a late one. Cows that will not 
calve the following spring will not wean 
their calves until midwinter. 

September is branding month. Calves 
that are to be kept are branded on the left 
hip with serial numbers. As each calf leaves 
the corral it joins its mother. Heifer calves 
are vaccinated for brucellosis. All breed- 
ing animals to be sold at the annual public 
auction in mid-September are either vac- 
cinated or tested for the disease and are also 
TB-tested. Veterinarians from the Agricul- 
tural Research Service take care of this 
phase of the annual roundup. 

The most promising bull calves are kept. 
Each year a few of these are saved to raise 











us 
di 
lo 


at 
ra 
ar 
C2 
tr 
al 
be 
ta 
de 


ot 


ne 
al 


de 


ci 


to 








ATS Were 
ations of 
alike, 


5 follow 
western 
kes are 
aces on 
O more 
olonged 
ds and 
1 plain, 
ns feed 
No sup- 
sick or 


over a 
season, 
5. The 
il mid- 
2d bulls 
ulls are 
in the 
yearling 
allows 


tention 
ion the 
nade to 
ate calf 
g large 


le COWS 
g a calf 
ess her 
will not 
t wean 


Calves 
the left 


F leaves | 


- calves 
breed- 
public 

er vac- 

are also 

\ gricul- 

of this 


e kept. 
to raise 











LONGHORN CATTLE MANAGEMENT—Halloran and Shrader 193 


as breeding bulls. As retired Forest Ranger 
Earl Drummond, who took care of the long- 
horns for many years, stated, “Bull calves 
which are to make steers should be cas- 
trated while young. The bull’s horns begin 
to grow large at the base while the calf is 
cole a few months old, and if the operation 
is not performed early the animal will take 
on the features of a bull; . . .” Selected 
calves are castrated in May of the year of 
their birth. Experience has shown that the 
use of pincer-type emasculators greatly re- 
duces screwworm (Cochliomyia americana) 
losses. 

Little care of longhorn cows is required 
at calving time. Calves are born on the 
range in a 30,000-acre fenced pasture and 
are sometimes not seen until they are sev- 
eral days old. During the past 7 years the 
calf crop has averaged 88 percent with ex- 
tremes of 84 and 97 percents. Single births 
are the rule. A set of identical twins was 
born in 1943. 

A record card, kept for every animal, con- 
tains spaces for brand number, origin, color 
description, sex, year of birth, lineage, and 
other notes. 

In addition to the original plant, some 
new blood has been introduced. A few 
animals of the 1928 calf crop indicated that 
their mothers had been bred to bulls of un- 
desirable strain. Four of these calves were 
traded for approved type longhorn cows. 
In 1931 two typical longhorn bulls were 
secured in Mexico and in 1935 three more 
were obtained from the vicinity of Chihua- 
hua, Mexico. Since that time some new 
blood has been brought in from the private 
longhorn herd of I. G. “Cap” Yates at Mara- 
thon, Texas. 

In order to secure animals with good horn 
growth and the varied colors known to have 
occurred in the old herds, certain cows are 
placed with selected bulls. The results are 
not always predictable because of hetero- 
geneous ancestry. This is especially true of 
bulls that have been bought or traded. 

Two examples of selected breeding are 
cited: 

A 5-year-old dark brindle bull was bred 
to a roan cow with good corkscrew-type 


horns. The heifer calf was a light red. In 
some cases this color turns to a favored 
brindle by late summer. The calf turned 
color as expected. In another case, a grulla 
bull was bred to a dark red cow from a dark 
brown bull. In this case the wanted result 
was the rare grulla or sandhill crane color. 
The heifer calf born to this mating was 
solid grulla. This exceptional animal was 
kept. 

Color alone, however, is seldom enough 
to indicate quality. Now that body type 
and other characteristics are fairly well 
stabilized in the Wichita herd, breeding for 
horns is considered of primary importance. 
If a calf does not exhibit good horn growth 
for its age, it is sold at auction. 

In addition to the longhorns, the various 
pastures of this fenced big game range 
contain a large herd of American bison, 
introduced elk, introduced pronghorn, and 
native white-tailed deer (Halloran and 
Glass, 1959). Although hybridization of 
cattle and bison is known (Deakin, et al., 


TABLE 1.—LONGHORN DISPOSAL AND POPULATION 











RECORD 
Year Total Disposals te 
1935 1 120 
1936 - 120 
1937 25 113 
1938 9 122 
1939 1 146 
1940 10 167 
1941 10 205 
1942 40 4 Wg A 
1943 ¢ 212 
1944 33 225 
1945 a 231 
1946 36 254 
1947 61 247 
1948 74 224 
1949 61 222 
1950 56 236 
1951 51 249 
1952 4 318 
1953 76 319 
1954 107 293 
1955 104 286 
1956 109 274 
1957 78 280 
1958 85 288 
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1935), no such hybrids have been found 
on the Wichita. The two species exhibit 
almost complete indifference to each other 
under range conditions. Allred (1955) has 
well described the range management poli- 
cies of this multiple use range. 


DIsPOSAL 


Surplus stock is disposed of by donation 
and by auction sale. Donations are made 
to zoos and similar public institutions. All 
surpluses not donated are sold at public 
auction. Now that the herd has reached 
desired size, annual disposals tend to equal 
yearly increase. The number of longhorns 
on hand is reported each month. Table 1 
lists annual summaries of these reports as 
to disposals and longhorn numbers on the 
refuge as of the last of the year for the 
period 1935 to 1958, inclusive. Long es- 
tablished policy (Anonymous, 1928) limits 
the herd to from 200 to 300 head, with the 
latter figure being used as a ceiling. With 
the exception of some trading of animals, as 





Fic. 1. 


noted above, no disposals are on record fo; 
the period 1927 to 1934, inclusive. 

A disposal of special interest was that of 
the well-known Wichita steer, Black Tom, 
who became infirm at 17 years of age and 
was destroyed. The skeleton, which weighed 
170 pounds, was shipped to the U.S. Na. 
tional Museum. The dressed out meat 
weighed 710 pounds. The estimated live 
weight at time of death was 1700 pounds, 


MEASUREMENTS AND WEIGHTS 


The horns are the crowning glory of the 
longhorn steer (Fig. 1). Steer horn lengths 
far exceed those of either cows or bulls. Two 
kinds of horn measurements are available 
from Wichita steers ranging from 2 to 18 
years of age (Table 2). The tip-to-tip mea- 
sure is essentially a chord measurement from 
the tip of one horn to the tip of the opposite 
horn. This measure is sometimes referred 
to as “pole measure’ as, in practice, a marked 
pole is laid on the horns of a corralled ani- 
mal to secure the total length. The longest 


A Wichita-raised white and roan-spotted, longhorn steer out of a white cow bred by a brindle 
bull. Note long face, hairy ears and tail switch. The twisted, dark-tipped horns are more widespreading 


than erect. Photo by D. C. Bostwick. 
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TABLE 2.—LONGHORN STEER Horn 
MEASUREMENTS 











Tip-to-tip Total Horn 

Age Measure Length 

(years ) (inches ) (inches ) 

2 31% 41% 
4 51 60 
6 54% 83 
4 53 68 

8 sa 72% 

9 66 90% 
10 74 —_ 
12 57% 76 
13 50 = 
14 64 82 

15 65% 8214 
16 68 = 
17 57 _ 
18 57% mae 





“pole measure” of a Wichita steer is 6 feet 
2 inches. Dobie (1941:207) speaks of a 
steer with a tip-to-tip length of 8 feet 7% 
inches, truly an exceptional animal. 

The other measurement, total horn length, 
is a contour measurement taken with a flexi- 
ble steel tape from the tip of one horn along 
the back of the horn, across the head to the 
tip of the opposing horn. This measure is 
a difficult one to secure on live animals. 
Some total horn lengths were secured from 
dead animals. 

Live weights of 68 Wichita steers have 
been secured over a period of years on the 
stock scales at the refuge corrals (Table 3). 
The heaviest steer on record was 10 years of 
age and tipped the scales at 2045 pounds. 

Bulls do not have horns as long as do 
steers. Many Wichita cows have horns that 
twist and spiral upward. Cow horns, how- 
ever, are generally smaller in diameter than 
steer or bull horns. 


Rounpup METHODS 


Special methods are necessary to bring 
these cattle into the corrals at roundup time, 
as the animals are not gentle and possess 
many characteristics of wild game. When 
longhorns, particularly the older steers, see 
a man on horseback, they scatter into the 
oak timber where they are difficult to 
gather. Once on the move these animals 
climb quickly and easily into the highest 


TABLE 3.—LONGHORN STEER LIVE WEIGHTS 








Average 





ois, Weidht Sueno Nestea 
1 640 584-715 3 
2 750 - 1 
3 1070 - 1 
4 1230 1085-1400 6 
5 1385 1245-1595 4 
6 1359 1335-1630 6 
7 1551 1280-1825 9 
8 1755 1730-1780 2 
9 1835 1685-1950 3 
10 1909 1450-2045 10 
iI 1658 1510-1890 5 
12 1708 1680-1735 2 
13 1635 1575-1685 3 
14 1593 1530-1710 3 
15 1380 1220-1540 3 
16 1531 1410-1620 4 
17 1448 1435-1450 2 
18 1500 ~ i! 





parts of the range. Skill is needed to find 
and remove them from these rough areas, 
which are characterized by broken rocks 
and downed timber. 

When it becomes necessary to bring these 
animals in, they are located by pickup or 
4-wheel drive vehicle in early morning. Men 
then load their horses on trailers and drive 
as close as possible, taking care to stay out 
of sight of the cattle. After saddling up, the 
riders approach through the timber so that 
stock may be pushed against a fence and 
moved along it. Care must be taken not to 
ride too close to longhorns as injuries to 
man and horse from their horns could result. 


TABLE 4.—LONGHORN CATTLE WEIGHTS AND 
Horn MEASUREMENTS 














BuLLs Cows 
AGE 

rey Weight Tip-to-tip = Tip-to-tip 
(pounds ) (inches) (inches ) (inches ) 

3 1300 40 51% —_ 

4 — 31% 59 — 

5 —- 29 as --- 

6 1515 a= a 38 

a — —- = 47 

9 1470 — — Al 

10 — — — 38 
14 — —_ a 391% 

i —- —_ —- 43 
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When handling these cattle it is well to have 
a rider in front of them, as well as riders 
behind and on the sides, to keep them from 
running. With a rider in the lead, one steer 
often falls in behind the horse and the other 
steers will follow this leader. Earl Drum- 
mond (1939) illustrates this characteristic 
with the following: 


The late Charles H. Goodnight, noted Texas 
ranchman, conducted several large trail drives from 
his Texas ranches to Kansas shipping points. He 
had a blue roan steer known as Old Blue, which 
would lead the herds and always keep this posi- 
tion at the point of the drive. When the steers 
were sold at the railhead, Old Blue would be 
turned in with the saddlehorses and go back to 
Texas where he would wait to lead the next herd 
up the trail. He made more than a half dozen 
trips from Texas to Kansas with the Goodnight 
herds. 


Roundup work requires that the men 
handling these cattle be experienced horse- 
men. Local knowledge of the range and the 
traits of individual animals is also an im- 
portant factor in this work. Slow and cau- 
tious handling is the rule for success. 

When calves are branded they are roped 
and thrown in a round corral equipped with 
a central snubbing post. This precaution is 
taken to prevent horn or body damage to 
the animal, which might result if a metal 
squeeze chute were used. 
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SUMMARY 


Cattle introduced to North America by 
Spanish explorers in the sixteenth century 


became feral and spread through Mexico 
into the American Southwest. These cattle 
developed into what became known as the 
longhorn type. The cattle industry based 
upon these animals was an important factor 
in the development of the West. Economic 
conditions forced better cattle breeds onto 
the market and the longhorns faded. U.S. 
Forest Service officials realized that a part 
of the Old West was disappearing from the 
American scene. They gathered a nucleus 
longhorn herd in Texas and in 1927 brought 
it to the area now known as the Wichita 
Mountains Wildlife Refuge. 

Longhorn characteristics are listed in 
detail. Wichita management techniques in- 
cluding roundup methods are discussed, 
Tables are presented listing steer weights 
and horn measurements as well as similar 
data on cows and bulls. The Wichita herd 
is maintained at just under 300 head by 
annual disposals of surplus animals. 
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EMBRYO RESORPTION IN THE SWAMP RABBIT 


C. H. Conaway, T. S. Baskett, and J. E. Toll 


Department of Zoology; and Missouri Cooperative Wildlife Research Unit, 


University of Missouri, Columbia 


The purpose of this paper is to report 
some changes in the reproductive rates of 
swamp rabbits (Sylvilagus aquaticus) fol- 
lowing, and apparently induced by, marked 
habitat alteration. The study was made in 
the Mingo Swamp, an abandoned valley of 
the Mississippi River in southeastern Mis- 
souri. Large acreages of swamp rabbit habi- 
tat occur here within the 22,000-acre Mingo 
National Wildlife Refuge and the adjacent 
6.000-acre Duck Creek Wildlife Manage- 
ment Area.' 

Swamp rabbit populations at the onset 
of the breeding season in February 1957 
were very high. During the previous winter 
the density of swamp rabbits on a 70-acre 
study plot was one rabbit per 1.5 acres ( Toll, 
et al., in press). Through this period and 
until the end of March 1957, water levels 
in Mingo Swamp were low and there was 
no major fluctuation in inundated acreage. 
During the first three days of April 1957, 
however, the total rainfall was 5.2 inches. 
Water levels rose rapidly and by the evening 
of April 4, the majority of previously oc- 
cupied swamp rabbit habitat was inundated. 
Measurements from the Mingo Wildlife Ref- 
uge indicate that the water acreage on April 
1 was 1,550 acres and when next measured 
on April 8, it was 12,000 water acres (Table 
1). Swamp rabbits were driven from their 
former habitat to adjacent high ground 
where they were forced to exist under 
crowded and exposed conditions. Although 
we have no accurate measurement of popu- 
lation density during this flood period, an 
indication of the conditions that existed is 
that 20-25 swamp rabbits were observed at 
one time in a single 2-acre field. Rabbits 
were constantly seen during the day on the 





‘We are indebted to L. J. Schoonover, Mingo 
National Wildlife Refuge; and G. K. Brakhage, 
Duck Creek Wildlife Area, for facilities and advice. 


levees and most collecting was done by 
driving rabbits into the water and catching 
them by hand. 

Flood conditions continued through June 
1957; water levels remained high during the 
winter of 1957 and through the spring of 
1958. Therefore, before and during the 1958 
breeding season water levels were relatively 
high but not fluctuating. During April 1958, 
swamp rabbits were again collected. At 
this time they were not so conspicuous as 
they had been in 1957, and collection was 
possible only with usual hunting effort. Few 
rabbits were seen during daylight hours, and 
no concentrations were found either in fields 
or on the levees. 


MATERIALS AND METHODS 


All rabbits collected were either shot or 
caught by hand in the Mingo Swamp. After 
collection body weights, the condition of 
the nipples, and mammary tissue were 
noted. The reproductive tracts were then 
removed and fixed in A.F.A. 

Both ovaries from each specimen were 
serially sectioned and stained with a modi- 
fied Schorr stain. The uteri were examined 
grossly and classified as pregnant, under- 
going total litter resorption, post-partum, 
or reproductively inactive. No animals that 
were in pre-implantation stages of their 
first pregnancy were collected. All gesta- 
tion sacs in pregnant uteri were opened for 
examination of the embryos and fetal mem- 
branes. Resorption (either total litter or 
partial litter) could be recognized without 
difficulty except when resorption was just 
beginning or when it had progressed so far 
that the site no longer showed any enlarge- 
ment. When early resorption was suspected 
but not certain from gross examination, the 
entire gestation sac or samples of the em- 
bryo and placenta were sectioned for micro- 
scopic study and classification. Sites sus- 
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TABLE 1.—RAINFALL AND WATER ACREAGE IN 
Minco SwAMP 


Inches of Maximum 
Date Total Rainfall’ Water Acreage? 
1956 March 1.80 3,100 
April 4.05 3,200 
May 4.05 3,500 
Annual 42.25 7,000 
1957 March 3.10 1,550 
April 11.20 12,000 
May 12.00 14,000 
Annual 715.57 15,400 
1958 March 6.80 10,500 
April 4.85 10,500 
May S27 9,000 
Annual 50.26 10,500 


' Data provided by George Brakhage, Missouri Conserva- 
tion Commission. 

*Data provided by Lyle Schoonover, U.S. Fish and 
Wildlife Service, and apply to Mingo National Wildlife 
Refuge. 


pected to be in advanced stages of resorp- 
tion were similarly studied microscopically. 
It was difficult to distinguish grossly 


whether two specimens were in advanced 
total litter resorption or were recently par. 
ous. Microscopic study showed evidence of 
embryo fragments in one of these tracts jp. 
dicating that it was in an advanced resorp. 
tion stage. The other questionable tract was 
identified as being recently parous. 


RESULTS 


The material discussed in this paper js 
most conveniently divided into four major 
groups as follows: 

1. Before Flood Group—17 females col- 
lected between March 9, 1957, and 
April 4, 1957. One additional female 
collected during this period was jn 
estrus but had not yet bred. 

After Flood Group—20 females col- 
lected between April 5, 1957, and April 
20, 1957. One additional female col- 
lected during this period was in pre. 
estrus and therefore was eliminated 
from the reproductively active group. 


Lo 


TABLE 2.—REPRODUCTIVE DATA FROM SWAMP RABBITS BY COLLECTION GROUPS 


Class Tracts Corpora Lutea 


Before Flood Group 

















Pregnant 12 47 
Post partum 5 18 
Total litter resorption 0 () 
Totals 17 65 
After Flood Group 
Pregnant 6 21 
Post partum 2 j 
Total litter resorption 12 44 
Totals 20 71 
Late Spring 1957 Group 
Pregnant 5 18 
Post partum ] 4 
Total litter resorption 3 14 
Totals 9 36 
Spring 1958 Group 
Pregnant 6 23 
Post partum 10 36 
Total litter resorption 0 0 
Totals 16 59 


IMPLANTATION SITES 











Viable Embryos Placental Scars Resorptions 

38 0 yj 
cs 17 — 
0 0 0 

[38 + 17 + 71i=@ 
14 0 3 
a 6 si 
0 0 40 

[14 + 6 + 43] =—63 
15 0 1 
aes 4 te 
0 0 12 

115 +- 4 - 12) =31 
20 0 2 
—_— 34 l 
0 0 0 


[20 + 34 + 3] =57 
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3. Late Spring 1957 Group—9 females 
collected between April 29 and June 
28, 1957. 

4. Spring 1958 Group—16 reproductively 
active females taken on April 4 and 5, 
1958. 

Data about the mammary condition, uter- 
ine morphology, and ovarian morphology 
indicated that all females except those in 
Group 3 were either in their first preg- 
nancy of the year or that the first pregnancy 
had very recently terminated either by nor- 
mal parturition or total litter resorption. 
Many post-partum animals were in unim- 
planted stages of a second pregnancy and 
thus two sets of corpora lutea were present. 
The data presented (Table 2) refer to the 
corpora lutea of the first pregnancy. The 
animals in the Late Spring 1957 Group were 
all in a second or later pregnancy, or multi- 
parous. 


Ovulation Rate 


Ovulation rate was estimated by corpora 
lutea counts. All animals listed in the After 
Flood Group had ovulated prior to the be- 
ginning of high water. Therefore a com- 
parison of first pregnancy ovulation rates 
before and after flooding is impossible. 
Combining these two groups to obtain the 
before flooding ovulation rate, it was found 
that the average number of corpora lutea in 
the 37 females was 3.7 (range 3 to 6). The 
Late Spring 1957 Group had a corpora lutea 
count averaging 4.0. These data do not in- 
dicate any major change in ovulation rate 
beyond the expected increase with: multi- 
parity. Corpora lutea counts for the Spring 
1958 Group averaged 3.7. 


Maximum Pre-implantation Loss 


An estimate of the maximum pre-implan- 
tation loss is obtained by subtracting the 
number of implantation sites from the num- 
ber of corpora lutea in the tracts repre- 
sented. Early post-implantation and recently 
post-partum tracts were used to determine 
pre-implantation loss. A maximum figure 
is obtained since failure to locate any re- 
gressed resorption site increases the value 
obtained for pre-implantation loss. The 
possibility that this will occur is especially 
great in late pregnancy stages. In such 
tracts, resorption sites from embryos lost in 
early post-implantation stages are obscured. 
Therefore only tracts with embryos below 
60-mm. crown-rump measurement were 
used. No tracts undergoing total litter re- 
sorption were used for calculation of pre- 
implantation loss since in this group it is 
also likely that some sites may not be seen. 
It is also possible that some resorption sites 
were not visible in post-partum tracts. How- 
ever, it appeared that this was somewhat 
less probable than in those groups which 
were eliminated. The small samples made 
it necessary to include post-partum tracts 
with those in early pregnancy stages to 
eliminate pre-implantation loss. 

In the 1957 Before and After Flood 
Groups, it was necessary to determine if the 
pre-implantation period was before or after 
April 4. When the data were regrouped 
after estimating embryo age and backdating 
from the collection date, it was found that 
all but two animals in the After Flood Group 
had passed through the pre-implantation 
period prior to April 4. Therefore no esti- 


TABLE 3.—OvuLATION RATES AND EMBRYO MortTALITY IN SWAMP RABBITS 


Before Flood 


Corpora lutea per female 3.7( 37)? 
Max. pre-implantation loss? 3.1(18) 
Min. partial litter resorption! 14.9(12) 
Min. total litter resorption? 0.0(17) 
Min. total loss? 17.9 


CoLLecTIon Group 





After Flood Late Spring 1957 Spring 1958 

_ 4.0(9) 3.7(16) 

= 4.4(6) 9.2( 12) 
14.3(6) 5.6(5) 8.6(6) 

61.9( 20) 38.8(9) 0.0(16) 


46.0 


70.0 





‘Reported as percent of ovulated ova. 


* Figure in parenthesis = the number of pregnant tracts used to determine the statistic. 
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mate of pre-implantation loss after flooding 
could be obtained. The Late Spring 1957 
Group had passed through the unimplanted 
stage after April 4, and, although this is a 
small sample and does not relate to the first 
pregnancy, it offers the only comparison of 
pre-implantation loss before and after April 
4, 

The data obtained (Table 3) indicate that 
pre-implantation loss in all groups was low. 
Probably 2-4 percent of the ovulated ova 
were lost at this stage. There was no signifi- 
cant variation in pre-implantation loss be- 
tween groups. 


Partial Litter Resorption 


The resorption of some implanted em- 
bryos while the remaining fetuses survive 
to term is here referred to as partial litter 
resorption. To determine partial litter re- 
sorption rates only pregnant tracts were 
used. Calculations based upon the number 
of resorption sites in pregnant tracts are 
subject to several errors, all causing under- 
estimation of partial litter resorption rates. 
One such error is the failure to discover all 
resorption sites. This reduces the value ob- 
tained for partial litter resorption and cor- 
respondingly increases the estimate of pre- 
implantation losses. Perhaps a more serious 
error may occur if embryos resorb through- 
out gestation. Those resorptions which 
would occur later in gestation are not ob- 
served in reproductive tracts in early preg- 
nancy. Thus the earlier in pregnancy the 
count is made, the greater this error. The 
total sample size in this study was too small 
to permit partition of the resorption data 
according to embryonic age groups. Finally, 
it may be that the few cases listed as partial 
litter resorption are merely early stages of 
total litter resorption in which some embryos 
had not yet died. It appears that usually in 
total litter resorption all embryos die at al- 
most the same time since all resorbing em- 
bryos from tracts undergoing total litter 
resorption are approximately at the same 
developmental stage. Brambell and Mills 
(1948) made similar observations on their 
extensive series of Oryctolagus. The first 


two major sources of error mentioned would 
cause underestimation of partial litter re. 
sorption rates while the last would cause 
overestimation. Probably the rates presented 
here are minimal since the last source does 
not seem to be very important. 

The data indicate that the partial litte; 
resorption loss in the Before Flood Group 
was 14.9 percent and the After Flood Group 
was 14.3 percent (Table 3). In the Late 
Spring 1957 Group it was 5.6 percent while 
in the 1958 Group the value obtained was 
8.6 percent. We believe that since the sam. 
ples are small and sources of error are con- 
siderable it would be very misleading to 
suggest that the data indicate any real dif. 
ference in partial litter resorption rates in 
the groups studied. Probably this loss was 
relatively uniform in all groups and involved 
10-20 percent of the ovulated ova. 


Total Litter Resorption 


Resorption of all embryos in a litter was 
recorded only in the After Flood and Late 
Spring 1957 Groups. Within these two 
groups 15 of the 28 tracts collected were 
undergoing total litter resorption (12 of 20 
tracts in the After Flood Group and 3 of 9 
tracts in the Late Spring 1957 Group). In 
the After Flood Group, 61.9 percent of the 
ovulated ova were lost by total litter resorp- 
tion while 38.8 percent of the ovulated ova 
were lost in this manner in the Late Spring 
Group. Since the latter sample is so small, 
it is not possible to say that total litter 
resorption decreased significantly in_ this 
group. However, it is clear that total litter 
resorption was remarkably high in both 
groups. 

Between 40 and 60 percent of all ovulated 
ova were lost through total litter resorption 
after flooding in 1957. Before flooding that 
year and in 1958, this type of embryo mor- 
tality was not observed. Thus it appears 
that total litter resorption was an embryo- 
mortality factor of major importance in this 
swamp rabbit population after the high 
water. Also, it is probable that this is the 
only category of embryo mortality which 
varied greatly in the groups studied. 
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Estimated Total Embryo Loss 


The total loss can be estimated for the 
Before Flood Group and the Spring 1958 
Group by adding the pre-implantation and 
partial litter loss rates. These were the only 
types of mortality recorded, and in both 
cases Were computed as a percentage of the 
ova ovulated. It was thus estimated that 
about 18 percent of the embryos were lost 
in the Before Flood Group and 11 percent 
in the Spring 1958 Group. 

For those groups in which total litter 
resorption was recorded, certain adjust- 
ments must be made to determine the mini- 
mum loss in terms of ovulated ova. Since 
the available data did not permit any esti- 
mate of pre-implantation loss in the After 
Flood Group, an arbitrary value of 3 per- 
cent was assigned to represent this category. 
Secondly, partial litter resorption was cal- 
culated on the basis of its frequency only in 
the pregnant tracts. Therefore, the total 
embryo loss in the After Flood Group was 
estimated by assuming that in a sample of 
tracts in which there were 100 corpora lutea, 
3 embryos would be lost in pre-implantation 
stages. Of the 97 embryos implanting, 62 
would be lost by total litter resorption. The 
remaining 35 embryos would be in pregnant 
tracts and still suffer partial litter loss of 14.3 
percent or 5 embryos. Thus 70 percent of 
the ovulated ova was lost. In a similar 
manner the Late Spring Group was cal- 
culated to have suffered a total loss of 
about 46 percent. 


DISCUSSION 


Among the factors affecting the number 
of young surviving to term, only total litter 
resorption was shown to vary in the differ- 
ent groups of swamp rabbits studied. The 
abrupt appearance of a very high total litter 
resorption rate was correlated with the on- 
set of a sudden and violent habitat distur- 
bance. A possible explanation is that under 
the emergency conditions an adrenal stress 
syndrome was initiated. It has been repeat- 
edly indicated that under laboratory condi- 
tions, adrenal imbalance, especially hyper- 
secretion, results in increased resorption 


(Courrier, et al., 1953; De Costa and Abel- 
man, 1952; and Gunberg, 1957). 

Data from wild populations have indi- 
cated that under natural conditions varia- 
tions in resorption rates occur. Brambell 
and Mills (1948) found that there was both 
seasonal and geographic variation in the 
incidence of total litter resorption in Orycto- 
lagus. Similar variations in resorption have 
been reported to occur in Lepus europaeus 
(Kolosov, 1941). Fluctuations in resorption 
rates have also been noted in Mus (South- 
wick, 1958) and Microtus (Hoffmann, 1958). 

Since there was no indication of major 
variation in partial litter resorption rates, 
this type of loss is apparently independent 
trom total litter resorption. Brambell (1948) 
also concluded that the loss of entire litters 
was probably due to factors disturbing the 
maternal physiology while the loss of indi- 
vidual embryos was caused by intrinsic 
embryonic defects and thus the two types 
were independent. This also seems to be 
true in cricetid rodents (Beer, et al., 1957). 
Probably a base level of partial embryo 
resorption is rather constant in a population. 
In a very narrow range of rather mild dis- 
turbance of the maternal physiology some 
increase above the basic rate might occur 
through loss of some of the least viable 
members in a litter. With more severe dis- 
turbance, however, total litter resorption 
would occur. Ovulation rate and pre-im- 
plantation loss are less sensitive to distur- 
bances of the maternal physiology and thus 
less likely to show changes within compara- 
ble age groups. 

Brambell (1948) estimated that total 
litter resorption rates were 35-56 percent 
of ovulated ova in some of the populations 
of Oryctolagus which he studied. These 
estimates were based upon large samples 
which permitted many refinements in meth- 
ods not possible with the small samples 
available to us. The more direct methods 
used in our study may seriously underesti- 
mate the frequency of total litter resorption. 
Thus, in Brambell’s material only 8.21 per- 
cent of the post-implantation tracts were 
undergoing total litter resorption. In con- 
trast, we observed total litter resorption in 
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12 of the 18 post-implantation tracts in the 
After Flood Group. The incidence of total 
litter resorption may be considerably above 
our estimate of 61.9 percent for this group. 
Lechleitner (1959), following one of Bram- 
bell’s methods, estimated total litter resorp- 
tion in the black-tailed jack rabbit to be 
about 40 percent of ovulated ova. 

It would be expected that heavy embryo 
mortality as recorded during the spring of 
1957 would have a marked effect upon the 
population. An indication of the effect is 
seen in the young per adult female ratio of 
1.9 which was obtained from the swamp 
rabbits killed during the following hunting 
season (January and February, 1958) on 
the Duck Creek Management Area. The 
previous year, in the January and February 
hunting season just before the flood, this 
ratio was 5.3 young per adult female. In 
the hunting season following the 1958 
breeding season, during which total litter 
resorption was not recorded, the young per 
adult female ratio was 3.4 (Holten, 1960). 
The heavy embryo mortality occurring dur- 
ing the spring of 1957 thus resulted in a 
much lowered young per adult female ratio. 


SUMMARY 


Total litter resorption was not observed 
in a sample of pregnant swamp rabbits taken 
between March 9 and April 4, 1957. Severe 
floods occurred on April 4, and the habitat 
remained flooded from then until mid- 
summer. Total litter resorption was found 
in 12 of 18 post-implantation animals taken 
between April 5 and April 20. During later 
pregnancies that spring, total litter resorp- 
tion rates remained high. The following 
spring, when there was no sudden flooding 
of the habitat with resultant crowding, total 
litter resorption was not found. It is sug- 
gested that the high incidence of total litter 


resorption was induced by an adrenal stress 
syndrome. 

During the period of the study, ovulation 
rates, pre-implantation losses, and losses dye 
to partial litter resorption were not found 
to vary. 
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CALLING BEHAVIOR OF MOURNING DOVES IN TWO MIDWEST 
LIFE ZONES 


Arthur Cohen,' Harold S. Peters,” and Leonard E. Foote 


Communicable Disease Center, U.S. Public Health Service, Atlanta, Georgia; U.S. Fish and Wildlife 
Service, Atlanta, Georgia; and Wildlife Management Institute, Marietta, Georgia 


This investigation was undertaken to de- 
termine if differences existed. in the calling 
behavior of individual mourning doves 
(Zenaidura macroura L.); to determine if 
calling differences were related to calling 
of birds, listening stations or life zones; to 
determine if calling is a random behavior 
expression; to determine relations between 
calling behavior and time of the morning; 
to determine other aspects of mourning dove 
calling behavior of potential use in modifica- 
tion of the annual call-count census. 

Each year, between May 20 and June 10, 
approximately 750 call-count routes located 
in 44 states are censused to provide infor- 
mation useful in determining the status of 
the dove population. The standard call- 
count route consists of 20 listening stations 
systematically spaced at 1-mile intervals 
at which all doves heard calling during a 
3-minute period are recorded. Informa- 
tion gathered since 1951 from these routes 
and from intensive studies conducted on 
routes at Athens, Georgia, and elsewhere, 
previously have been summarized (South- 
eastern Assn., 1957; Foote, et al., 1958; Mc- 
Gowan, 1952; Peters, 1952; Duvall and Rob- 
bins, 1952; Kerley, 1952; Wagner, ,1952). 
Lowe (1956) studied the relation of calling 
doves to the breeding population and Kerley 
(1952) and McGowan (1952, 1953) investi- 
gated the number of birds calling in relation 
to those present. These studies have summa- 
rized data on a station- or 20-station-route 
basis; and, with the exception of some data 
gathered from Central Ohio routes by Peters 
in 1953 (Southeastern Assn., 1957:90) and 
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work reported by McClure (1939) in Lowa, 
no fundamental investigations of the basic 
pattern of calling behavior of individual 
mourning doves have been reported. Elder 
(1956), in Iowa, conducted somewhat simi- 
lar studies on bob-white quail whistling 
behavior. 

The relation of sunrise time to mourning 
dove calling activity has been described 
(Southeastern Assn., 1957; McClure, 1939), 
and these data infer that total calling be- 
havior on the 20-station-route sampling unit 
presently employed in management surveys 
is not randomly distributed over the 2-hour 
time period involved. Calling patterns of 
individual birds, relating to sunrise, until 
now have not been investigated. 

The study of mourning dove calling be- 
havior is basic to understanding the mean- 
ing of call-count surveys now in use. Foote, 
et al. (1958) have already established that 
the variance of the estimates from call-count 
data, where the 20-station route is the sam- 
pling unit, is not unreasonable. Determina- 
tion of variability among individuals and 
stations is basic to understanding some of 
the components of variation within the 20- 
station-route sampling unit. To compare 
calling populations quantitatively in differ- 
ent areas for management information, simi- 
larities and differences in calling behavior 
patterns of these populations must be 
known. If a dove calls a different number 
of times during the 3-minute station-listen- 
ing period at different stations, life zones, 
or with varying levels of population, appro- 
priate corrections for population inferences 
would be necessary. 

Considerable attention in this study has 
been devoted to examining the randomness 
of calls by individual doves to confirm that 
doves do not call randomly (Southeastern 
Assn., 1957) and to decide if they call in an 
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easily defined pattern. It was felt that if 
such features of dove calling could be in- 
vestigated this would aid in planning future 
studies of bird calling, would help to decide 
the appropriate analyses to be used on these 
or similar data and might also have bearing 
on the present call-count technique. 

This paper summarizes calling behavior 
data gathered from observations of 63 
mourning doves at stations in two mid- 
western life zones in 1957. Forty-six doves 
inhabited one life zone and 17 the other. 
Cohen conducted the statistical analyses, 
Peters collected the field data and Foote 
assisted in project design, analyses, and in 
the preparation of this report. We are in- 
debted to A. L. Finkner, W. Scott Overton, 
A. D. Geis, Zane Scheftel, Earl Atwood and 
W. H. Keil for constructive suggestions, and 
to Larry Sanders, who prepared the figures. 


METHOpsS 


Design and Census Procedures 


This study was undertaken at nine sta- 
tions in the Carolinean Life Zone in Indiana 
and Ohio and five stations in the Prairie Life 
Zone in Illinois. Only one observer was 
available, so the areas were selected on an 
elliptical route which would permit obser- 
vations at different stations on successive 
days. Within the limitations imposed by 
objectives of the study and the call-count 
technique, station selection was essentially 
random. Stations were approximately 100 
miles apart and were selected by driving 
this distance and turning off the main high- 
way in a random direction on a secondary 
or tertiary road, and driving 5 miles. If this 
point was unsuitable because of proximity 
to a railroad, airport, settlement or main 
highway (Foote, et al. 1958) an additional 
mile was driven, either ahead or behind at 
random. Each station area was selected 
during the afternoon prior to the morning 
pilot census. 

After a pilot census was made, censuses 
were conducted at each station. The pilot 
census consisted of one 3-minute listening 
period starting at local sunrise. This census 
was made concurrent with selection of the 


stations, between May 25 and June 8, 1957. 
Its purpose was to establish presence of 
calling mourning doves at the selected sta. 
tions. The stations, therefore, are essentially 
a random selection of stations with calling 
doves. 

The first regular census was made at suc. 
cessive stations on successive mornings be- 
tween June 27 and July 31. McGowan 
(1953), Wagner (1952), and others have 
shown that peak seasonal calling activity 
occurs between mid-May and mid-June, so 
the data reported in this study are not 
directly comparable with data gathered dur- 
ing the annual management surveys. Counts 
on annual management surveys begin at 
one-half hour before local sunrise, and con- 
tinue for approximately 2 hours. Observa- 
tions in this study were made for 60 minutes 
beginning at local sunrise. The number of 
calls by each dove during every minute of 
this hour was recorded at one station each 
morning. The hour starting at sunrise was 
selected because evidence from other studies 
indicated that calling intensity is greatest 
at sunrise, and declines thereafter (South- 
eastern Assn., 1957). A stop watch was used 
to determine time. Air temperature, velocity 
and direction of wind, and percent of cloud 
cover were recorded before and after each 
1-hour observation period. Censuses were 
conducted within the weather condition 
limitations used on the national call-count 
census. No censuses were conducted during 
rain or with complete cloud cover, and 
winds varied only from Beaufort 0 to Beau- 
fort 3. Temperatures usually increased from 
the mid-fifties to high sixties during the 
census hour and were similar on days within 
the first and second censuses. Weather con- 
ditions were sufficiently uniform to suggest 
the differences would not be of major im- 
portance in the analyses. 

Doves occasionally moved from one call- 
ing perch to another during the hour, or 
flew down to the ground to feed, water or 
take grit. In a few instances, doves were 
observed to move from the area and appar- 
ently did not return during the census hour. 
Birds whose calls were barely audible were 
not recorded. At the 14 stations studied, 
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almost all of the doves remained within 
hearing distance of calls during the census 
hour. Observations by Foote of doves on 
morning counts on the Athens, Georgia, 
route, and on evening counts in Cobb Coun- 
ty, Georgia, suggest that less shuffling of 
calling birds occurs during the middle part 
of the calling period, both evening and 
morning. This was one reason the middle 
hour of the morning census period was 
selected for this study. Occasionally doves 
were seen to move and to call from two or 
three perches but visual observations as- 
sured it was the same bird. Perhaps this 
may have occurred outside the range of 
vision in which case one bird may have 
been considered two birds. 


Analysis Procedures 


For most of the analyses, the number of 
calls by each dove during a 3-minute inter- 
val is considered as a single observation. 
Therefore, we have 20 observations on each 
dove within a station, within a fixed life 
zone. Only doves that were heard were as- 
sumed to be present. 

Standard statistical analysis procedures 
were used. These consisted of parametric 
procedures available in Snedecor (1956) 
and non-parametric procedures summarized 
by Siegel (1956). Analysis of variance for 
hierarchical classifications is discussed in 
Snedecor (1956). Tables for testing hypoth- 
eses about serial correlations were from R. 
L. Anderson (1942). Among the statistical 
methods applied were the 1-sample-runs 
test, runs above and below the median test, 
serial correlation coefficient, sign test and 
“t” test. Where possible and feasible, de- 
scriptive aspects of the data are presented 
graphically. 

RESULTS 
Calls by Individual Mourning Doves 


Randomness.—Data obtained from the 
first census with regard to randomness of 
calls are summarized in Table 1. With the 
number of calls in a 3-minute period con- 
sidered as a single observation, a 1-sample- 
runs test (Siegel, 1956) at the .05 level of 
significance was used to determine whether 
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SERIAL CORRELATION COEFFICIENT 
Fic. 1. Distribution of serial correlation coeffi- 


cients of 62 calling mourning doves by 3-minute 
observation units. 


these observations were random. This test 
was based upon whether or not the dove 
called, and not on how often it called. The 
number of 3-minute intervals in which the 
birds called is indicated, and inferences con- 
cerning randomness are denoted by R for 
random and NR for not random. According 
to this test, 20 out of 42 birds in the Car- 
olinean Zone did not call randomly, while 7 
out of 16 birds in the Prairie Zone did not 
call randomly. 

A serial correlation coefficient taken for 
a variate and its immediate successor was 
calculated for each bird and tested for a 
significant difference from a correlation of 
zero. This coefficient measures the depend- 
ence of calls at one time interval with calls 
in the next time interval. Thirty-two out of 
62 birds were found to call non-randomly 
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Fic. 2. Frequency distribution of the number of 
minutes that 63 mourning doves called in one hour. 
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easily defined pattern. It was felt that if 
such features of dove calling could be in- 
vestigated this would aid in planning future 
studies of bird calling, would help to decide 
the appropriate analyses to be used on these 
or similar data and might also have bearing 
on the present call-count technique. 

This paper summarizes calling behavior 
data gathered from observations of 63 
mourning doves at stations in two mid- 
western life zones in 1957. Forty-six doves 
inhabited one life zone and 17 the other. 
Cohen conducted the statistical analyses, 
Peters collected the field data and Foote 
assisted in project design, analyses, and in 
the preparation of this report. We are in- 
debted to A. L. Finkner, W. Scott Overton, 
A. D. Geis, Zane Scheftel, Earl Atwood and 
W. H. Keil for constructive suggestions, and 
to Larry Sanders, who prepared the figures. 


METHODS 
Design and Census Procedures 


This study was undertaken at nine sta- 
tions in the Carolinean Life Zone in Indiana 
and Ohio and five stations in the Prairie Life 
Zone in Illinois. Only one observer was 
available, so the areas were selected on an 
elliptical route which would permit obser- 
vations at different stations on successive 
days. Within the limitations imposed by 
objectives of the study and the call-count 
technique, station selection was essentially 
random. Stations were approximately 100 
miles apart and were selected by driving 
this distance and turning off the main high- 
way in a random direction on a secondary 
or tertiary road, and driving 5 miles. If this 
point was unsuitable because of proximity 
to a railroad, airport, settlement or main 
highway (Foote, et al. 1958) an additional 
mile was driven, either ahead or behind at 
random. Each station area was selected 
during the afternoon prior to the morning 
pilot census. 

After a pilot census was made, censuses 
were conducted at each station. The pilot 
census consisted of one 3-minute listening 
period starting at local sunrise. This census 
was made concurrent with selection of the 


stations, between May 25 and June 8, 1957. 
Its purpose was to establish presence of 
calling mourning doves at the selected sta. 
tions. The stations, therefore, are essentially 
a random selection of stations with calling 
doves. 

The first regular census was made at suc. 
cessive stations on successive mornings be- 
tween June 27 and July 31. McGowan 
(1953), Wagner (1952), and others have 
shown that peak seasonal calling activity 
occurs between mid-May and mid-June, so 
the data reported in this study are not 
directly comparable with data gathered dur- 
ing the annual management surveys. Counts 
on annual management surveys begin at 
one-half hour before local sunrise, and con- 
tinue for approximately 2 hours. Observa- 
tions in this study were made for 60 minutes 
beginning at local sunrise. The number of 
calls by each dove during every minute of 
this hour was recorded at one station each 
morning. The hour starting at sunrise was 
selected because evidence from other studies 
indicated that calling intensity is greatest 
at sunrise, and declines thereafter (South- 
eastern Assn., 1957). A stop watch was used 
to determine time. Air temperature, velocity 
and direction of wind, and percent of cloud 
cover were recorded before and after each 
l-hour observation period. Censuses were 
conducted within the weather condition 
limitations used on the national call-count 
census. No censuses were conducted during 
rain or with complete cloud cover, and 
winds varied only from Beaufort 0 to Beau- 
fort 3. Temperatures usually increased from 
the mid-fifties to high sixties during the 
census hour and were similar on days within 
the first and second censuses. Weather con- 
ditions were sufficiently uniform to suggest 
the differences would not be of major im- 
portance in the analyses. 

Doves occasionally moved from one call- 
ing perch to another during the hour, or 
flew down to the ground to feed, water or 
take grit. In a few instances, doves were 
observed to move from the area and appar- 
ently did not return during the census hour. 
Birds whose calls were barely audible were 
not recorded. At the 14 stations studied, 
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almost all of the doves remained within 
hearing distance of calls during the census 
hour. Observations by Foote of doves on 
morning counts on the Athens, Georgia, 
route, and on evening counts in Cobb Coun- 
ty, Georgia, suggest that less shuffling of 
calling birds occurs during the middle part 
of the calling period, both evening and 
morning. This was one reason the middle 
hour of the morning census period was 
selected for this study. Occasionally doves 
were seen to move and to call from two or 
three perches but visual observations as- 
sured it was the same bird. Perhaps this 
may have occurred outside the range of 
vision in which case one bird may have 
been considered two birds. 


Analysis Procedures 


For most of the analyses, the number of 
calls by each dove during a 3-minute inter- 
val is considered as a single observation. 
Therefore, we have 20 observations on each 
dove within a station, within a fixed life 
zone. Only doves that were heard were as- 
sumed to be present. 

Standard statistical analysis procedures 
were used. These consisted of parametric 
procedures available in Snedecor (1956) 
and non-parametric procedures summarized 
by Siegel (1956). Analysis of variance for 
hierarchical classifications is discussed in 
Snedecor (1956). Tables for testing hypoth- 
eses about serial correlations were from R. 
L. Anderson (1942). Among the statistical 
methods applied were the 1-sample-runs 
test, runs above and below the median test, 
serial correlation coefficient, sign test and 
“t” test. Where possible and feasible, de- 
scriptive aspects of the data are presented 
graphically. 

RESULTS 
Calls by Individual Mourning Doves 


Randomness.—Data obtained from the 
first census with regard to randomness of 
calls are summarized in Table 1. With the 
number of calls in a 3-minute period con- 
sidered as a single observation, a 1-sample- 
runs test (Siegel, 1956) at the .05 level of 
significance was used to determine whether 
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Fic. 1. Distribution of serial correlation coeffi- 
cients of 62 calling mourning doves by 3-minute 
observation units. 


these observations were random. This test 
was based upon whether or not the dove 
called, and not on how often it called. The 
number of 3-minute intervals in which the 
birds called is indicated, and inferences con- 
cerning randomness are denoted by R for 
random and NR for not random. According 
to this test, 20 out of 42 birds in the Car- 
olinean Zone did not call randomly, while 7 
out of 16 birds in the Prairie Zone did not 
call randomly. 

A serial correlation coefficient taken for 
a variate and its immediate successor was 
calculated for each bird and tested for a 
significant difference from a correlation of 
zero. This coefficient measures the depend- 
ence of calls at one time interval with calls 
in the next time interval. Thirty-two out of 
62 birds were found to call non-randomly 
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Fic. 2. Frequency distribution of the number of 
minutes that 63 mourning doves called in one hour. 
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TABLE 1.—RANDOMNESS OF CALLING By INDIVIDUAL MourNING Doves (Fist Census) 








Bird Number Number Correlation 





Station Number Intervals Runs Randomness Coefficient Randomness 
CAROLINEAN LIFE ZONE 

1 1 11 6 NR 29 R 
Franklin County, 2 4 6 R —.09 R 
Ohio 3 l 3 — 0.00 — 
4 3 3 NR .60 NR 
5 2 3 R 40 NR 
1A ] 12 5 NR otk NR 
Franklin County, 2 3 5 R 10 R 
Ohio 3 4 7 R 22 R 
1B 1 20 1 — .03 R 
Franklin County, 2 8 5 NR .60 NR 
Ohio 3 8 5 NR 50 NR 
4 Z 3 R 33 R 
2 1 14 5 NR .62 NR 
Henry County, 2 8 7 R 06 NR 
Indiana 3 20 1 — .28 R 
4 12 4 NR 45 NR 
5 12 8 R -—.14 R 
6 3 3 NR 52 NR 
3 l 9 6 NR 46 NR 
Hendricks County, 2 15 7 R 54 NR 
Indiana 3 15 7 R a NR 
4 3 5 R .16 R 
5 6 7 R .26 R 
6 3 5 R 38 NR 
yj 2 2 NR AT NR 
9A 1 13 6 NR mY R 
Fulton County, 2 4 4 NR AZ R 
Indiana 2 9 10 R 18 R 
4 14 6 R 42 NR 
9) 13 5 NR .o6 NR 
9D 1 7 8 R Jl R 
Fulton County, 2 12 10 R 25 R 
Indiana 3 13 8 R .40 NR 
4 i? 7 R 14 R 
5 8 5 NR A8 NR 
10 ] 14 Z NR 36 R 
Allen County, $ 1] 6 NR «3D R 
Ohio 3 3 5 R 0.00 R 
4 10 7 R .04 R 
5 10 Z NR 48 NR 
ll | 19 3 — 44 NR 
Marion County, 2 10 8 R .69 NR 
Ohio 3 14 6 R o2 NR 
4 1] 6 NR 39 NR 
5 5 3 NR .61 NR 
6 4 2 NR .70 NR 








Po a aa 








iN Sa 


—_ 


PrAIR 


Ef 


by tl 
seria 
test | 
as tl 
time 

A] 
bird: 
ered 
can 
onst: 
No « 
terv: 
tecte 
that 
arou 

D 
calli 
gray 
mor 
trib 
mini 
Fign 
out 
abor 


or f 


sum 








3US ) 


a 
RK andomness 
eee 




















CALLING BEHAVIOR OF MourRNING Doves—Cohen et all. 207 
TABLE 1.—Continued. 
. Bird Number Number Correlation 
Station Number Intervals Runs Randomness Coefficient Randomness 
PrainiE LiFE ZONE 
/ 1 11 ‘i R .68 NR 
Effingham County, 2 ll 7 R 717 NR 
Illinois 3 15 4 NR 45 NR 
4 16 2 NR 55 NR 
5 10 4 NR AT R 
6 7 6 R .20 R 
— Og 1 18 5 R ~.08 R 
Logan County, 2 5 6 R 15 R 
Illinois 3 4 6 R .02 R 
id 6 1 20 1 — -.05 R 
Knox County, 2 ri 4 NR 52, NR 
Illinois 3 ll 10 R -.11 
= 1 6 5 NR 39 NR 
DeKalb County, 2 9 5 NR .44 NR 
Illinois 3 5 4 NR ol R 
8 1 3 R -.12 R 
Iroquois County, 2 4 5 R 23 R 
Illinois 





by this criterion. The distribution of these 
serial correlations is shown in Figure 1. This 
test for randomness yielded the same results 
as the 1-sample-runs test 69 percent of the 
time. 

Apparently the calling behavior of some 
birds in 3-minute intervals can be consid- 
ered to be random while for other birds it 
cannot. While non-randomness can be dem- 
onstrated, randomness cannot be proved. 
No obvious pattern in calls in 3-minute in- 
tervals beginning at sunrise could be de- 
tected. Perhaps a conjecture can be made 
that there is a positive serial correlation 
around ().4 to 0.5 (Figure 1). 

Descriptive—The distribution of birds 
calling a number of minutes in an hour is 
graphed in Figure 2. Few birds call for 
more than 25 minutes of an hour. The dis- 
tribution of birds calling in a number of 3- 
minute periods in an hour is graphed in 
Figure 3. Few birds call more than in 14 
out of 20 three-minute intervals and only 
about one-third of the birds are heard in 6 
or fewer of these intervals. (We are as- 
suming here that all those birds heard in an 


hour were the only ones present, and almost 
all doves remained in the vicinity of the 
stations throughout the hour census period. ) 

The distribution of the average number of 
calls per minute (for minutes in which birds 
called) and per 3-minute interval are plotted 
respectively in Figures 4 and 5. Most birds 
call on the average 2-3 times per minute and 
from 2-6 times each 3 minutes. 

Plotting the number of birds that call in 
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Fic. 3. Frequency distribution of the number of 


3-minute periods in which 63 mourning doves 
called during one hour. 
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calls per minute by 63 mourning doves. 


every minute of a particular time interval 
indicates (Figure 6) that few birds call in 
more than 15 successive minutes and the 
number calling declines as the successive- 
minute period increases. On the average, 
most birds call from 2-6 successive minutes 
as is seen from Figure 7. 


Calls at Stations 


Randomness.—At 10 of the 14 stations a 
runs-above-and-below-the-median test was 
used to determine if calls at a station, ignor- 
ing which particular birds were calling, are 
non-random. Calls at 3 of these 10 stations 
were found to be non-random (Table 2). 
At two of the other four stations a runs-up- 
and-down test indicated calling at one of 
these was non-random. Serial correlation 
coefficients show that at only 8 of the 14 
stations, calling in one 3-minute interval is 
independent of calling in the following 3- 
minute interval. For calls at stations, no 
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obvious calling pattern can be detected nor 
can we make a general statement about ran- 
domness of calls. 

Descriptive—The highest number of 
calls likely to be heard at stations with these 
numbers of doves is 8-13 per minute or 20- 
40 per 3-minute interval. 

There were not enough stations sampled 
in this study to confirm or refute the hy- 
pothesis that the number of birds at stations 
approaches a Poisson distribution (South- 
eastern Assn., 1957). 


Analysis of Variance 


A variance analysis was made to deter- 
mine if variability in dove calling intensity 
is due to differences between life zones, be- 
tween stations within life zones, or between 
birds within stations within life zones. The 
sample observations are 20 three-minute lis- 
tening periods for each bird within a station 
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TABLE 2.—ASPECTS OF MOURNING Dove CALLING AT STATIONS (First CENSUs ) 

















—" MAXIMUM 
NuMBER CALLING Maximum CALLS RANDOMNESS Serial 
Station Number Birds ; - Correlation Randomness 
er Per 3 Per Per 3 Runs Other Coefficient 
Minute Minutes Minute Minutes Test Test 
CAROLINEAN LiFE ZONE 
1 5 2 2 9 24 —- NR 48 NR 
1A 3 3 3 10 20 NR wes 39 NR 
1B 4 4 4 14 37 NR NR Bx R 
2 6 6 6 13 39 R R 18 R 
3 7 5 6 12 34 _- R .50 NR 
9A 5 4 5 10 24 R R 37 R 
9D 5 4 5 9 23 R R 16 R 
10 5 3 4 9 21 R — —.03 R 
ll 6 4 5 13 36 NR — Boy | NR 
PRAIRIE LIFE ZONE 
4 6 6 6 22 52 R R AT NR 
5 3 3 3 5 12 R — .06 R 
6 3 3 3 8 22, R R —.01 R 
7 3 2 2 8 20 — a 39 NR 
8 2 1 1 3 6 = — Ri i R 





within a fixed life zone. As has been indi- 
cated, there is considerable question of the 
randomness of observations on birds at sta- 
tions. Since no apparent pattern of calling 
by individual doves could be detected, it 
was felt that a variance analysis by hier- 
archical classification was the most feasible 
since the data were obtained by repeated 
subsampling with unequal numbers in the 
sub-classes. 
The model assumes: 


Yikm = p+ Qj + bi; + Cin + dijtm 


is an observation equal to a mean or con- 
stant value, plus a fixed factor due to the 
i life zone, plus a factor in the j station 
within the i‘” life zone, plus a factor due to 
the i’ bird within the j‘" station, which is 
within the i’” life zone, plus a random error 
factor for the m‘" observation on each bird 


TABLE 3.—ANALYSIS OF VARIANCE (First CENsus ) 


depending on i, j, k. The errors are assumed 
to be independent and normally distributed 
with zero mean and constant variance o,”. 

The analysis of variance for data from 
the first census is shown in Table 3. The 
degrees of freedom result from data on 2 
life zones, 14 stations within these 2 life 
zones, 62 birds within these 14 stations and 
20 observations on each bird. 

To test the hypothesis that ob? = 0, that 
is, there is no variability in number of calls 
due to birds within stations within life zones, 
we consider: 


1) 

Mean Square Birds 

Mean Square Error 

F49,1197(.05) = 1.52, indicating that vari- 

ability is significantly different from zero. 
To test the hypothesis that differences do 


= 10.28, which exceeds 











Degrees of Sums of 


Mean 


Expected Mean Square 





oe? + 19.99 on? + 86.37 o.2 + 496.19 o.* 


oe + 20.00 op? + 89.53 o,? 


oe + 19.83 op 


Ya 








Source Freedom Squares Square 
Life zones 1 86.16 86.16 
Stations within 

life zones 12 1,195.19 99.60 
Birds within stations 49 4,347.10 88.72 
Error 1197 10,335.20 8.63 
Total 1259 15,963.65 
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not exist between the mean number of calls 
at life zones, we consider: 


2) 


Mean Square Life Zones = $0, tedicating 





Mean Square Stations 
no such differences exist. 
To test the hypothesis that os? = 0, that is, 
there is no variability in mean number of 
calls due to stations within life zones, we 
consider: 
3) 


Mean Square Stations 
q = 1.12, which is less 





Mean Square Birds 
than Fj249 (.05) = 1.96, where this test 
really considers the ratio (according to 
Snedecor’s approximation ) 

a? + 200,” + 89.530,” 
oe? + 200,” 





= 


indicating such variability is not signifi- 
cantly different from zero. 

A similar analysis of variance was per- 
formed on data from the second census and 
is shown in Table 4. The mean squares here 
indicate that the F ratios will lead to the 
same inferences as data from the first census. 


Sunrise Time and Calling 


A sign test (one-tailed) on 63 observa- 
tions at the .05 level of significance indi- 
cated doves called more during the first half 
hour following sunrise than the second half 
hour. These data confirm previous data 
gathered at Athens, Georgia, and elsewhere 
(Southeastern Assn., 1957). The average 
number of calls, however, for these time pe- 
riods was not significantly different by a 


TABLE 4.—ANALYSIS OF VARIANCE 
(SECOND CENSUS) 














Degrees of Sums of Mean 
Source Freedom Squares Square 
Life zones 1 3.11 3.11 
Stations with- 12 374.66 31.22 
in life zones 
Birds with- 40 1,737.74 43.44 
in stations 
Error 1026 7,036.05 6.86 
Total 1079 9,151.56 
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“t” test (one-tailed) performed on the dif. 
ferences of the number of calls by each bird 
in the two half-hour periods. Perhaps this 
indicates that a significantly larger numbe, 
of birds call somewhat more during the firs 
half hour, while those who called more fo 
the second half hour called many more 
times. Neither the sign test nor a “t” tes 
could show differences in the number of 
calls between the first and second quarter 
hours following sunrise. The relation of 
these results to the call-count technique wil] | 
be considered in the discussion. 


Differences Between Censuses 


During the second census only 54 birds 
were heard as compared to the 63 birds [ 
heard on the first census. A “t” test indi- | 
cated significant differences between the 
mean number of calls per dove heard on the | 
first and second censuses. 

At 9 of the 14 stations, the average num. | 
ber of calls per bird was higher during the 
first census than the second census. Whereas | 
a sign test on these 14 observations did in- 
dicate significance at the .05 level, we might 





still infer with the support of the above ‘“t’ 7 


test that calling on the average was greater | 


during the first census than the second. Itis 
possible that decline in calling between the 
two censuses may be caused by differences | 
in the stage of the reproductive cycle. 


Discussion 


Randomness and Analysis of Variance 


It seems intuitively reasonable that ; 
whether a dove calls and how often it calk 7 
in a given interval depends somewhat on its | 


previous calling activity. The serial correla 


tion coefficients support this idea. The fact) 
that many birds do not call randomly makes § 
us cautious in our interpretations from the f 
analysis of variance. Although many birds 7 
do not call randomly, they apparently dof 
not call in any consistent pattern which} 
would enable use of a variance analysis} 
based on some other model not requiring 


independence of the observations. 


Calling Pattern and Physiology 


Whether doves can be induced to call by 
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other doves calling is not known. We 
pointed out that a decrease in birds from 
63 to 54, from the first to the second census, 
was accompanied by a significant decrease 
in the average number of calls per dove. 
One might speculate that with only a few 
more birds, the average calling increase can 
be explained by some birds inducing others 
to call. It is felt, however, that these data 
are not adequate to support such a specula- 
tion and the increase in calls could be due 
to time of year differences, or some other 
factor associated with time of year. Pheas- 
ants and bobwhite quail can be induced to 
call, as has been pointed out by McClure 
(1944) and Stoddard (1931). 

A most obvious hypothesis is that the 
mourning dove calling pattern may be a 
physiologic-behavior mechanism related to 
the court-mate-nest-brood cycle. Moore and 
Pearson (1941) and others have shown that 
calling intensity, testis weight, nest building, 
egg production, and other reproductive 
functions of the species are interrelated sea- 
sonally, but only the broad aspects of their 
interrelations have been determined. The 
calling pattern of an individual mourning 
dove apparently depends upon the time of 
season (Southeastern Assn., 1957), time of 
morning, weather and probably upon sex 
ratio in the surrounding dove population 
and relative position of the individual in the 
court-mate-nest-brood cycle. Effects of the 
latter three factors have not been evaluated. 
Research on these phases using individually 
marked members of a breeding group 
should be undertaken to compare ‘calling 
behavior with reproductive functions. 


Calling Behavior and the Call-Count 
Census 


Despite the evident complexity of the 
basis for the calling behavior manifestation, 
this study has shown that the calling pattern 
varies within approximately the same limits 
at 14 stations in two life zones during the 
two census periods. The major source of 
variance in the call data arises from the 
within station—between birds component. 
The present system of call counts then is 
satisfactory from the standpoint of choos- 
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ing stations since these will not determine 
whether more birds call or the same number 
or fewer call more often. This study, how- 
ever, has not considered seriously the effects 
of induced calls at stations. Will a sub- 
stantial increase in the number of birds be 
accompanied by an increase in the number 
of calls per bird? The data here were not 
adequate to investigate this question but a 
simple design could be devised to examine 
this potential source of station disparities. 
It is evident that, once started, a bird tends 
to call in more consecutive 1-minute periods 
than expected by chance; and, conversely, 
has more silent periods of 3 minutes than 
expected by chance. This means that birds 
are missed on the usual 3-minute call-count 
stop. 

The effect of sunrise time and calling is 
directly related to the call-count technique. 
We confirmed that calling during the first 
half hour following sunrise is more frequent 
than calling during the second half hour. Al- 
though this may not be crucial in comparing 
counts from one year to the next, it is vital 
if the objective of the count is to get some 
idea of the population size for a given year. 
The fact that our data do not prove that call- 
ing is more intense the first quarter hour 
following sunrise as compared to the second 
quarter hour is also important if the objec- 
tive of any call-count census is to estimate 
population size. 

Some of the descriptive features learned 
about dove calling can conceivably be used 
to get shortcut estimates of the dove popu- 
lation. By counting the total number of calls 
at a station in a fixed time period, without 
paying attention to which bird is calling, 
some rough estimate on the number of call- 
ing birds present can be made by consider- 
ing the average number of calls per bird in 
the appropriate time interval. Certainly 
conservative estimates would be possible by 
considering the distribution of the average 
number of calls per fixed time interval. 

Research on the relation between repro- 
ductive functions and calling behavior 
should be undertaken to determine if analy- 
sis of calling patterns by revision of the call- 
count recording system will provide quanti- 
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tative estimates of sex ratio or early repro- 
ductive success, both important in manage- 
ment. Furthermore, it is suggested that the 
marked-bird technique be employed to 
learn more about calling and calling pat- 
terns. That is, by identifying birds in groups 
of varying numbers and in different loca- 
tions, much more can be learned about dove 
calling behavior. 


SUMMARY 


This study was undertaken to determine 
differences in calling behavior of mourning 
doves at 14 stations in two midwest life 
zones, and to determine other aspects of 
mourning dove calling behavior of potential 
use in the annual call-count census. Calling 
behavior is evidently a basic physiologic- 
behavior mechanism with a similar pattern 
at the 14 stations in the two life zones. Some 
doves may call in a random fashion, some 
do not; those which do not, do not call in a 
recognizable pattern. Differences in aver- 
age calling are believed chiefly due to varia- 
tion in calling among birds within stations, 
the mean number of calls per bird being 
similar between life zones and there being 
no essential variation in calls between sta- 
tions. Birds apparently call more during the 
first half hour following sunrise than the 
second half hour. However, calling inten- 
sity is not proved to be different for the first 
two quarter hours following sunrise. Addi- 
tional research is suggested on calling be- 
havior of marked individuals in relation to 
sex ratio, the court-mate-nest-brood cycle, 
and the tendency of birds to induce others 
to call. 
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BRIEFER ARTICLES 


USE OF DUGOUTS BY BREEDING DUCKS 


LeRoy A. Shearer 


Soil Conservation Service, Huron, South Dakota 


Farmers and ranchers in South Dakota have built 
almost 100,000 ponds for livestock water and to 
bring about better distribution of grazing on their 
range and pasture lands. 

In the eastern part of the State, and in particular 
the pothole section, there are few sites suitable for 
building dams to catch runoff. To solve the problem 
of making water available in range and pasture 
lands of the pothole section, farmers and ranchers 
have resorted to a different type of water develop- 
ment, the dugout. 

The stockwater dugout is a large rectangular 
hole dug in the ground to catch runoff or to inter- 
cept ground water. The average size is 60 x 160 
feet and the depth about 12 feet. The two ends 
slope gently to permit easy access by livestock. The 
sides drop off abruptly. Frequently dugouts are 
built at the edge of a slough or pothole, where they 
collect overflow from that wet area. On sites with 
a high water table, such as bottom lands or heavy 
sands, dugouts intercept ground water (Fig. 1). 
Unlike most ponds, dugouts have little shallow 
water and usually little shoreline vegetation. 

Since 1950, this type of watering place has been 
gaining in popularity. In many soil conservation 
districts, being almost the only kind of stockwater 
facility being developed, it is not unusual for farm- 
ers and ranchers to build 100 to 150 dugouts a year. 

Since there were about 9,000 dugouts in South 
Dakota in 1958, it appeared that they should be 
of appreciable benefit to wild ducks. However, 
little evidence of this benefit has been gathered or 
published. Bue, et al. (1952) made observations 
on stock ponds in South Dakota. Smith (1953) 
made similar studies in Montana. These workers 
studied stock ponds rather than dugouts and re- 
ported on types of vegetation on the shoreline and 
the grazing intensity in the surrounding grassland 
in relation to duck nesting. Evans, et al. (no date) 
briefly described dugouts and their use in Mani- 
toba, Canada. Their studies showed 100 percent 
occupancy by breeding pairs on three dugouts with- 
in the study area. 

In the spring of 1958, the Soil Conservation 
Service, in cooperation with four soil conservation 
districts in east central South Dakota, initiated field 
studies to determine the use made of dugouts by 
ducks during the courting and breeding season. 

Thirty-three dugouts were selected in grassland. 
Some were new and some were several years old. 
Surrounding cover varied from good to sparse. Al- 
though all of the dugouts were located within the 
pothole section of the state, no natural wet areas 
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were located closer than a quarter of a mile from 
any dugout due to drouth conditions and a lack 
of runoff from melting snow. 

To determine usage by breeding and courting 
ducks, each dugout was visited nine times between 
April 14 and May 26, 1958. A total of 275 ducks 
were observed during this period on the 33 dugouts. 
These were mainly blue-winged teal ( Anas discors ), 
pintail (A. acuta), mallard (A. platyrhynchos), 
shoveller (Spatula clypeata), lesser scaup ( Aythya 
affinis ), green-winged teal ( Anas carolinensis), and 
gadwall (A. strepera). 

All but four of the dugouts were being used by 
ducks during the period of observation. Some, how- 
ever, showed much heavier usage than others. To 
determine the reasons for the differences in inten- 
sity of use, observations were made on the type 
of vegetation surrounding the dugout and the water 
level. 


RELATION OF USAGE TO SURROUNDING COVER 


The vegetation within 100 yards of each dugout 
was classified as to height and density. According 
to my classification, the term sparse cover indicates 
little vegetation over two inches high. Fair cover is 
that with grass 3 to 6 inches high and with scattered 
clumps of taller grasses. Good cover has vegetation 
over 7 inches high. The principal grasses were Ken- 
tucky bluegrass ( Poa pratensis), crested wheatgrass 
(Agropyron cristatum ), and smooth brome ( Brom- 
us inermis). In all classes, there were some forbs 
with the grasses. 

Thirteen dugouts were surrounded by sparse 
cover. The sparse cover was, in most instances, 
the result of overgrazing of the pasture by live- 
stock. Four of the dugouts were not used by ducks. 
During 9 visits, 83 ducks were observed on these 
13 dugouts. This was an average of 6.3 ducks per 
dugout for the 9 visits, or an average of 0.70 ducks 
per dugout per visit. 

Eleven dugouts were located in areas of fair 
cover, indicating lighter grazing pressure. All were 
used by ducks during the observation period. 
Seventy-two ducks were observed on these 11 dug- 
outs. This was an average of 6.5 ducks per dugout 
during the nine observations, or an average of 0.72 
ducks per dugout per observation. 

Nine dugouts were in areas of grass having good 
cover. The good condition of the cover was ordi- 
narily associated with proper stocking of the pas- 
tures, but two areas showed no use by livestock. 
All were used by ducks during the observation 
period. One hundred twenty ducks were observed 
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on these 9 dugouts during the 9 visits, averaging 
13.2 ducks per dugout or 1.46 ducks per dugout 
per visit. These observations indicated a direct 
relationship between the height of vegetation on 
the surrounding grassland and waterfowl usage of 
the dugout. 

This same relationship between duck usage and 
surrounding cover was found by Bue, et al. (1952) 
and Smith (1953) in their studies on stockwater 
ponds. In other words, it appears that the extent 
of usage by breeding ducks depends not only on 
the type of water area but also upon the quality 
and quantity of cover, which would be suitable for 
nesting, within a hundred yards of the water’s edge. 


TABLE 1.—RELATIONSHIP OF SURROUNDING COVER AND 
Water LEvEL or Sovtn Dakota Ducouts To Duck UsE 








DIsTRIBUTION OF DuGOUTS WITH 
Water LEVELS IN FEET BELOW FULL 











Cover 

0 1 2 4 7 
Sparse 6(58)1 2(12) 2(9) 1(0) 2(6) 
Fair 6(46) 4(21) 1(5) 
Good 5(91) 3(20) 1(7) 
Total 17(195) 9(53) 3(16) 2(5) 2(6) 





1 Number of ducks using in parentheses. 
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Typical dugout being constructed to intercept ground water. 


WaTER LEVEL AND COvER RELATIONSHIPS 


A second factor that seemed to affect use of dug- 
outs by ducks was the water level in the dugout. 
One hundred ninety-five ducks were observed dur- 
ing the nine visits to the 17 dugouts which were 
full of water to the ground level. On the other 
hand, the remaining 16 dugouts in which water 
level varied from 1 to 7 feet below ground level 
were utilized by only 80 ducks during the same 
period. 

Table 1 shows the relationships between cover 
and water level to the use of dugouts by breeding 
waterfowl. The use of dugouts by ducks can be 
expected to increase as the water level approaches 
full and the quality and quantity of cover increases. 

These limited observations would indicate: (1) 
ducks of several species use dugouts during the 
breeding and courting season; (2) use of dugouts 
is greater where the cover is rated as good than 
where it is rated as fair or poor; (3) dugouts that 
are full are used more frequently than those with 
water 1 to 7 feet below ground level. 
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FLAMINGOES CENSUSED IN EAST AFRICA BY AERIAL PHOTOGRAPHY 


Michael Grzimek! and Bernhard Grzimek 
Frankfurt Zoological Gardens, Frankfurt/Main, Germany 


In spite of the fact that the flamingo in Africa is 
a very common and conspicuous bird, up to now 
relatively little was known about its habits. Excep- 
tionally large concentrations of these birds can 
be found in the region of the East African Great 
Rift Valley where they find ideal living conditions 
along the shores of saltwater lakes. Two species, 
the little flamingo (Phoeniconaias minor) and the 
big flamingo (Phoenicopterus ruber ), occur accord- 
ing to L. Brown (1955. The Breeding of Lesser 
and Greater Flamingos in East Africa, J. E. African 
Nat. Hist. Soc., March) in a frequency of 20 to 1. 

In order to get exact data for comparative popu- 
lation studies in a succession of years, we made 
an aerial photographic count of the flamingoes of 
Lake Natron in northern Tanganyika. 

The authors are indebted to Mrs. Ernst Mayr, 
Cambridge, Massachusetts, for her translation of 
their original article into English. 


DESCRIPTION OF AREA 


Lake Natron is a saltwater lake without drain- 
age, 610 meters (2000 feet) above sea level at the 
bottom of the East African Great Rift Valley. The 
largest part of its surface consists of solidified red- 
dish salt. Mainly in the south and in the west do 
we find larger lagoons of open water along the 
shores of the lake. The form and the size of the 
lagoons change somewhat in the course of the year 
depending on the amount of inflow during the 
rainy season. The adjoining region is barren due 
to the very scant rainfall. The region is undesirable 
for human inhabitation and is only occasionally 
visited by travelling Masais. For this reason the 
enormous flamingo flocks are almost completely 
undisturbed even during the breeding season. 


METHODS 


It is very difficult to count or estimate these bird 
aggregations from the lake shores, and counts ob- 





1M. Grzimek died in an air accident after finishing in- 
vestigations, in the Serengeti National Park area, of the 
seasonal migrations of the last big herds of plains game 
in Africa. An obituary appeared in The Journal of Wildlife 
Management, 23(3):368-369, July, 1959. 


tained from the ground are subject to errors. Since 
the birds in large flocks stand very closely together, 
it is very difficult to distinguish between individual 
birds even at relatively short distance. Towards 
the horizon, the birds melt into a homogenous mass 
which allows only an approximate census. The 
observer is easily fooled about the size of the flock 
by the visual angle from which he sees the flock. If 
the count is made from the ground, these and many 
other sources of error lead to results which are 
often multiples of the true size of the flock. 

Better values are obtained by estimating the flock 
size from the air. Since the birds in large flocks 
stand closely together in the area over which the 
airplane flies with considerable speed, such an esti- 
mate will still have considerable sources of error, 
because the birds cannot be counted individually 
but have to be estimated in groups of hundreds. 
An exact visual count by air can be made only 
where the individuals are dispersed over a large 
area. 

The purpose of this report is to show that accurate 
counts of the large dense flamingo flocks can be 
made with the help of air photography. The sources 
of error which are unavoidable in other methods 
can be eliminated by vertical overhead aerial 
photography. 

The pictures for the aerial photography census 
were made on January 16, 1958. We used our 
special Dornier 27 single-engined airplane. It is 
a new design which allows airspeeds as slow as 
30 m.p.h. and thus facilitates observation or pho- 
tography. We used a Fairchild aerial camera with 
178.5 mm. film. The camera is also used for geo- 
graphical mapping, and its film transport, winding 
and shutter release are completely automatic. Ac- 
cording to the setting, the camera makes an exposure 
every few seconds which overlaps with previous 
and succeeding exposures 50 percent. Therefore, 
it is later possible to combine exposures into large 
strips. The capacity of the magazine is 120 ex- 
posures. The camera is mounted at the floor of 
the airplane, so that it makes the exposure vertically. 

After several trials we found that the area be- 
tween 600 and 1000 meters (1800-3000 feet) was 
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Fic. 1. Map of Lake Natron showing areas covered by 
aerial photographs. No flocks of flamingoes were seen 
outside of the photographed areas. 


the best altitude. When the plane was lower than 
600 meters (1800 feet), the flamingoes flew up 
and changed position, so that they might have been 
photographed a second time. At altitudes over 
3000 feet, the resolving power of the film negative 
is not sufficient to distinguish individual flamingoes 
on the photograph. We flew over the whole lake 
for aerial observation, but it was not necessary to 
cover its total area with aerial photography. The 
flamingoes stayed exclusively in the open areas of 
the lagoons, not on the solidified salt districts, 
except for some suspected breeding colonies just 
at the margin of the open water which we photo- 
graphed also. Large concentrations of birds formed 
only near the inlets and the shores except in the 
East Lagoon where we saw and photographed 
some larger flocks in the open water. In the West- 
ern Lagoon, Northern Lagoon and other smaller 
puddies there were some dispersed groups of 
flamingoes, between 10 and 50 individuals which 
were not photographed because it was too uneco- 
nomical. One can estimate that the numbers of 
flamingoes which were not included in the aerial 
count might amount to 15 percent of the total 
counted population. 
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RESULTS AND DISCUSSION 


The photo survey flight took about 35 minutes 
During this time we did not observe any change of 
position of larger flocks, so that a double cou 
of the same birds in several different pictures was 
excluded. One can see in all exposures that the 
birds were predominantly in a resting position, Qp 
the firm salt at the margin of the water one could 
observe some structures which must have beep 
nests. We did, however, avoid flying closer oye; 
these suspected breeding colonies in order not ty 
disturb the birds. Unfortunately the grain of the 
film was not fine enough to show up more details 
from such a great height. 

After copying the overlapping pictures and com. 
bining them into strips, the analysis was made ip 
Europe. It was not possible to differentiate between 
the larger and the smaller flamingoes from these 
photographs. The count was done with a magni- 
fying glass by hand with the help of crosswires, 
On these photographs alone a total of 163,679 
birds was counted. With this method of counting, 
the margin of error is very small. The sum includes 
immatures and adults of both species. We could 
see from the air large flocks of gray immatures of 
the size of geese. These flocks of young birds 
usually were completely separated from the adults, 
They form easily discernible large gray spots on 
the surface of the water. The immatures were 
densely concentrated in these flocks. Especially 
on Fig. 2 one can recognize clearly the difference 
between young and adult birds. At the upper edge 
of the picture one can see a group of four adult 
birds which by their brilliant white color stand out 
exceptionally well from the large flock of gray im- 
mature birds in the middle of the picture. 

The large flamingo flocks which we observed 
during January are not always present at the lake. 
Flying over the lake repeatedly during March and 
May we saw only an estimated 5 percent of the 
numbers of the January flock. In August and Sep- 
tember we could observe much larger accumula- 
tions which, however, were still far below the 
January flock size. Very little is known about the 
seasonal migrations of these birds in Africa. A final 
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explanation can be found only through bird band- | 


ing which has not yet been done in this region. 
It is advisable to make similar aerial photography 


counts of flamingoes, if possible simultaneously or | 


with short intervals, of all the colonies at the East 
African lakes in order to make a complete census. 
The flamingoes offer ideal conditions for aerial 
photography because they stand almost exclusively 
in the open water or near the shore and are not 
intermixed with other bird species. 

Brown made a visual estimation of 1,250,000 
flamingoes over Lake Natron from the ground and 
in a plane. It is difficult to compare this estimation 


with our data which were derived from aerial 7 


photography and show the actual number of birds 
at the time of photographing. The difference be- 
tween Brown’s estimate and the actual number of 
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dots are 18,245 immature birds. 
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An aerial photograph from about 800 meters (2400 feet) of a flamingo flock in Lake Natron. The gray 
The seven larger white spots farther from shore are adults. 


The light area below 


is the shore of solid salt. 


birds present at Lake Natron at the day of our 
photographing may possibly be explained by the 
fact that our counting and Brown’s estimating were 
not done on the same day. The magnitude of daily 
and seasonal ingress and egress of flamingoes is 
unknown. 

SUMMARY 


During January 1958 a flamingo count made on 
Lake Natron in Tanganyika by vertical aerial pho- 
tography revealed a total of 163,679 flamingoes in 
the area covered. It is estimated that an addi- 
tional 15 percent was outside the photographed 
area. Immature birds are distinct from adults in 
the pictures, but lesser and greater flamingoes are 
indistinguishable. Aerial photography is an ideal 
method for counting large concentrations of fla- 
mingoes under these conditions. 


ZUSAMMENFASSUNG 
Im Januar 1958 wurde mit Hilfe von Luftbil- 


daufnahmen eine Flamingozahlung auf dem Lake 
Natron in Tanganjika durchgefiihrt. Auf den 
Aufnahmen wurden 163.679 Tiere ausgezahlt. 
Vereinzelte kleinere Gruppen wurden photo- 
graphisch nicht erfasst, diese sind mit héchstens 
15% der in dem Luftbildstreifen ausgezahlten Tiere 
anzunehmen. Jungtiere konnten von Altvégeln 
unterschieden werden, eine Unterscheidung des 
kleineren Flamingos (Phoeniconaias minor) und 
des grossen Flamingos (Phoenicopterus ruber) auf 
den Luftbildern ist nicht méglich. Die Luftbild- 
photographie ist die exakteste Methode, Zahlungen 
grosserer Vogelkonzentrationen durchzufiihren. Die 
Griinde des Unterschiedes der Schatzungsergeb- 
nisse von L. Brown und dieser tatsachlichen Zahlen 
werden besprochen. 


Received for publication March 12, 1959. 





AGES AND REPRODUCTIVE CYCLES IN A MALE GRAY SQUIRREL 
POPULATION? 


Charles M. Kirkpatrick and Roger A. Hoffman 


Purdue University Agricultural Experiment Station, Lafayette, Indiana; and Physiology Division, 
Army Chemical Center, Edgewood, Maryland 


The purpose of this paper is to present an analysis 
of a population of male gray squirrels (Sciurus 
carolinensis) in relation to seasonal fluctuations in 
age composition and sexual activity of the popu- 
lation. Tree squirrels of the North Central Region 
evidently have two main breeding seasons (Allen, 
1943; Brown and Yeager, 1945; Uhlig, 1955). 
Hence, two separate groups of young animals are 
present in the squirrel population at any given time 
during the year plus adults showing various stages 
of sexual activity. In the males, at least, any analysis 
of the population composition has been complicated 
by the constant procession of sexual development 
stages marking not only the maturation of juveniles 
but the cycling of adult males through full activity, 
quiescence, and redevelopment. These changes from 
one state to another—development, regression, and 
redevelopment—have been described as they are 
related to the histology of the male squirrel repro- 
ductive organs ( Hoffman, 1952; Kirkpatrick, 1955; 
Mossman, et al., 1955). The external genitalia gross- 
ly reflect the physiological condition, but the entire 
cycle is accomplished gradually within the repro- 
ductive tissues, resulting in changes of great physio- 
logical import that are quite indistinct externally. 
Superimposed as these internal changes are upon 
age and seasons, classification of squirrels relative 
either to age or sexual activity has been generally 
unsatisfactory when based upon gross methods. In 
this connection, we have shown (Hoffman and 
Kirkpatrick, 1956) that use of body weights, gonad 
weights, and other external observations leads to 
considerable error. 

Histological work on the squirrel testis (Kirk- 
patrick, 1955) and accessory glands (Hoffman, 
1952: Mossman, et al., 1955) has also confirmed 
reports (Allen, 1942, 1943; Brown and Yeager, 
1945) that males develop in the fall and usually 
remain functional until July to September when 
sexual quiescence occurs. Histological techniques 
permit an accurate grouping of males into juvenile 
and adult age classes which comprise five distinct 
stages of sexual development (infantile, prepuber- 
tal, functional, degenerating, and redeveloping ). 

With a method for an accurate classification, we 
believed that an analysis of the ages and reproduc- 
tive stages of male squirrels would add to the knowl- 





1Journal Paper No. 1495 from the Purdue University 
Agricultural Experiment Station in cooperation with the 
Indiana Department of Conservation. Aided in part by a 
grant (NSF G-7271) from the National Science Founda- 
tion, Washington, D. C. 


edge of somatic growth and development in male 
squirrels. Toward this end we have collected and 
classified 259 male gray squirrels which provide the 
basis for the following report. 


MATERIALS AND METHODS 


Approximately 120 male gray squirrels (10 per 
month) were collected in the vicinity of West 
Lafayette, Indiana, during the year 1957-58. Tis. 
sues on slides and data were available from an addi- 
tional group of 139 animals obtained from previous 
studies. Most of the animals were collected by 
live-trapping or shooting although fresh road kills 
were sometimes used. 

The reproductive glands were removed, freed of 
fat and connective tissue and fixed in AFA fixative, 
The fixed glands were weighed and prepared for 
histological analysis by standard procedures. Both 
the testis and accessory gland tissues’ were used to 
classify the animals into the five groups previously 
described (Mossman, et al., 1955). 


RESULTS 


A large yearly sample shows that, in almost any 
month, the male squirrel population comprises ani- 
mals from several stages of sexual activity and both 
age groups (Table 1). This is particularly evident 
during the months in which hunting seasons usually 
occur (August-November). Since many squirrels 
are collected and aged by the field biologists at 
this time, the reason for the difficulty in obtaining 
accurate age estimates reported by others (Brown 
and Yeager, 1945; Uhlig, 1955) is obvious. 

Adults predominate (68 percent) in this sample 
(Table 1), a bias similarly obtained in three differ- 
ent collections and briefly mentioned in other papers 
(Hoffman, 1952; Kirkpatrick, 1955; Kirkpatrick and 
Barnett, 1957). Undoubtedly, this is because ani- 
mals are classified as adults when they become 
sexually active. Sexual activity, however, is synon- 
ymous with physiological adulthood and may occur 
before physical maturity is reached (Kirkpatrick 
and Barnett, 1957). 

During January, the population was made up of 
only functional and infantile animals. At this time, 
animals could have been separated on the basis of 
body weight since the maximal weight of the infan- 
tiles was 455 gm. and the minimal weight of the 
functional animals was 470 gm. At other times, 
however, a considerable weight overlap among 
classes prevailed as described below. 

Functional animals, comprising the largest class 
in the yearly sample (Table 1), were found in all 
months of the year except during September. Peaks 
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ANALYSIS OF A MALE SQuirREL PopuLation—Kirkpatrick and Hoffman 


1.—MonTHLY FREQUENCY DISTRIBUTION OF SEXUAL 


TABLE 
DEVELOPMENT CLASSES IN MALE Gray SQUIRRELS 








Cxiass oF SEXUAL DEVELOPMENT 
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May 2 1 22 1 1 27 
June 3 — 15 4 — 22 
July 1] —- 6 6 _- 23 
Aug. 6 1 2 7 — 16 
Sept. 4 3 — 6 3 16 
Oct. 5 5 3 2 9 24 
Nov. 8 6 6 — 8 28 
Dec. 5 1 20 — oe 26 
Total 54 30 121 27 27 259 





in abundance occurred in December—January and 
in May-June. The second peak in functional males 
was followed by a marked decrease in numbers. The 
minimal numbers found in August, September and 
October marked the period of sexual quiescence. 
Two distinct peaks in abundance were also evident 
for the prepubertal and redeveloping classes. These 
occupied approximately a 2-to 3-month period just 
prior to the increase in number of functional ani- 
mals. The two peaks in the functional class are 
obviously due to the transition of the prepubertal 
and redeveloping animals into the stage of sexual 
potency. 

The only definite period of degeneration extend- 
ed from May to October. As would be expected, 
degenerating males in the population increased as 
the functional males decreased, a sequence most 
obvious after the summer breeding period. The 
scarcity of degenerating males in the sample from 
the winter and early spring months is interpreted 
to mean that degeneration is transitory at this time 
of the year. Since some males redevelop in Febru- 
ary—March, a few males must degenerate a month 
or two previously. However, the discovery of but 
a single individual in degeneration among 77 speci- 
mens from January through April would indicate 
either a scarcity of degenerating males, or that males 
pass through this stage rapidly, or perhaps both 
conditions obtain. 

Infantile animals were found also in the popu- 
lation throughout the year, except during April 
(Table 1). Peaks of abundance were not as striking 
in this group although the data suggested increased 
numbers during July and again in November. 
Minimal numbers were found from February 


through June possibly correlating with a period of 
slight or no breeding activity within the popula- 
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tion as indicated by few functional males taken 
from August through October. 

Some insight into the timing of male develop- 
ment and regression throughout a complete cycle 
is provided when peaks of abundance by months 
for each class are graphically treated (Fig. 1). 
While some variation undoubtedly occurs, the avail- 
able information probably reflects the actual se- 
quence of events as they occur within the normal 
population. Our data and observations on female 
squirrels (unpublished ) indicate that the two peaks 
of parturition in gray squirrels of the West Lafayette 
area occur during the last of February and first 
part of March and late June and early July. When 
these dates are used as starting points (Fig. 1), it 
appears that first-litter squirrels become independ- 
ent and most numerous in the available population 
at approximately 5 months of age. The infantiles 
represented by the July peak remain undeveloped 
until approximately November when sexual stimu- 
lation becomes evident at about 9 months of age. 
Prepuberty is quite short, lasting only for 1 month 
before full sexual activity is reached in December. 
Thus, males of the first litter attain sexual maturity 
at an age of approximately 10-11 months, and re- 
main sexually active for about 8 months, or until 
the following summer period of July, August and 
September. Some animals apparently undergo a 
rapid but transient phase of degeneration during 
February, but redevelop again in March, reaching 
sexual potency for the May breeding period. 

Animals born in the second or summer litter fol- 











| | | | | | 
BIRTH | INFANT. | PREPUB. | FUNCT. | DEGEN. | REDEVEL. | 








Fic. 1. Seasonal sequence in sexual development and re- 
gression in a population of male gray squirrels consisting of 
spring and summer young and adults. 
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TABLE 2.—RANGE AND MEAN Bopy WEIGHT IN THE FIVE 
CLASSES OF SEXUAL DEVELOPMENT IN MALE 
Gray SQUIRRELS 











Class of Bopy WEIGHT 
Number Sexual a Range 
Development Grams S.E. 
43 Infantile 412 + 13 210-575 
21 Prepubertal ae ss a3 375-560 
100 Functional 520 + 6 350-665 
23 Degenerating 508 + 9 450-615 
23 Redeveloping Sa st 9 440-600 





low essentially the same sequence of events except 
that they appear to remain as infantiles for a slight- 
ly longer period before the prepubertal stage is 
reached. They attain sexual maturity in the follow- 
ing May at 11 months of age but remain sexually 
active only for about 3 months when degeneration 
is evident in all males and reaches maximal numbers 
in August. 

Sexual quiescence lasts for about 2 months before 
a reactivation is apparent. Also, the period of time 
for these adults to re-attain sexual activity is longer 
(2 months) than it is for the prepubertal animals. 
This was previously suggested (Hoffman and Kirk- 
patrick, 1956) when redeveloping males were de- 
scribed with fully active testes but having atrv- 
phied, inactive accessory glands. This delay in 
development of the accessory glands furnishes evi- 
dence for the redeveloping class. Undoubtedly, 
age differences in tissue sensitivity to hormonal 
stimulation are involved. 

When average body weight and range for each 
classification are compiled and summarized (Table 
2), they indicate the inherent inaccuracy of using 
body weight or size as indicators of age or sexual 
activity. It is probable that had the animals been 
weighed after removal of the stomach and gut, less 
variation would have been obtained. The mean 
weight of the prepubertal class was significantly 
larger than the infantiles and smaller than the func- 
tional class. No differences existed between the 
three classes of adults. The point which should be 
emphasized, however, is the wide range in weight 
which is evident within each class and the over- 
lapping weight between classes. Apparently some 
functional animals are present in the population at 
a weight even less than the average weight of infan- 
tiles. Likewise, infantiles may be taken which 
weigh more than the average weights of adults. 
Infantile weights probably vary according to the 
time the animals have been independent of mothers. 
Some taken as new weanlings, indicated by milk 
in stomach, perhaps were foraging for the first time; 
others, showing considerable somatic development, 
may have been independent for as much as 5-6 
months. 

When the body weight of the functional class 
was followed through the year, a definite seasonal 
change was evident. Maximal weights were found 
in December, then diminished to minimal values 
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during the summer months of May through Augus 
A seasonal change in body weight has also been te. 
ported for West Virginia gray squirrels ( Uhlig 
1955). 

The fact that the peak numbers of prepubertal 
animals were found within definite and restricted 
time periods, plus the wide range in body weigh; 
of this class, suggested that onset of puberty was 
a response to age or environmental factors rather 
than to somatic development. Presumably, once , 
certain age or stage of reproductive tract growth 
is reached (at a minimal weight of approximately 
375 gm.), stimulation of sexual development o¢. 
curs at those seasons which assure a maximal num. 
ber of sexually mature males in the population when 
females are receptive. Thus, some animals bor 
late in spring might develop a precocious sensitivity 
to hormonal stimulation and thus become sexually 
mature in winter at a younger age and smaller 
weight than the average animal. Others born during 
the same parturition period, and not being stimu- 
lated in the fall, remain in the population as infan. 
tiles until the second period of sexual stimulation 
in spring. Consequently the latter animals would 
show the prepubertal stage at a greater age and 
weight. Further evidence for this was the obser. 
vation that at least 10 percent of the sexually active 
males still showed open epiphyses of the long bones, 
while about 10 percent of the immature animals 
showed various stages of ossification (Kirkpatrick 
and Barnett, 1957). 

The possible relationship of environmental fac- 
tors to the thyroid gland, as it may affect sexual 
development in male gray squirrels, is discussed in 
a subsequent report (Hoffman and Kirkpatrick, in 
preparation ). 


SUMMARY 


An analysis of a male gray squirrel population 
reveals month-to-month fluctuations in ages and 
sexual development composition. Peaks in abund- 
ance for the sexual development classes indicate 
that spring and summer born males attain sexual 
maturity at about 10-11 months of age. Spring 
males remain sexually active for 6-8 months while 
summer males are sexually potent for approximately 
3 months. Both groups undergo sexual degenera- 
tion in the late summer months. Sexual stimulation 
of infantiles and degenerate adults appears to be 
under some environmental influence. Body weight 
data furnish evidence of considerable overlap be- 
tween classes and suggest caution in using body 
weight as an indicator of age. 
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MEASURING VOLUME OF SEEDs—Inglis and Barstow 
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A DEVICE FOR MEASURING THE VOLUME OF SEEDS! 
Jack M. Inglis and Calvin J. Barstow 


Texas Agricultural and Mechanical College, College Station, Texas; Tennessee State Game and Fish 
Commission, Nashville, Tennessee 


In our efforts to measure errors inherent in de- 
terminations of dry and sand medium seed volumes, 
a simple, inexpensive volumeter for making fluid- 
displacement determinations of volume was de- 
veloped that was accurate, and it corrected for soak- 
age without complicated procedures. Possibly others 
with problems similar to ours might benefit from our 
experience, especially since the trend in food habits 
research seems to be toward more detailed studies 
involving not only analysis of crops, stomachs and/ 
or droppings, but also availability and nutritive 
value of food items. 

As used here, dry volume is the apparent volume 
of seeds as determined by pouring dry seed into a 
graduate and reading the scale at the leveled top of 
the seeds. No attempt is made to correct for the 
presence of the interstitial space that causes an over- 
estimate of seed volumes or variations in this space 
due to differences in size and shape of different 
kinds of seeds. 

Sand medium volume is that determined by add- 
ing dry seed to a known volume of fine sand and 
then reading the leveled volume of the sand-seed 
mixture. The difference between the known volume 
of sand and that of the sand-seed mixture is the 
estimated seed volume. The sand effects a partial 
correction for the overestimate of volume caused 
by interstitial space. 

Our projects were concerned with the problem 
of assaying availability of seeds and relating this to 
use by bobwhite quail and rodents. We had no par- 
ticular difficulties measuring either utilization of 
seeds by quail or availability of seeds by numbers or 
weight. However, when volumetric determinations 
wee attempted, we questioned whether dry meas- 





1From Texas Agricultural Experiment Station, Project 
952; Pittman-Robertson Project W-45-R, Texas Game and 
Fish Commission. 


urements were adequate for our purposes. Ob- 
viously, if it was not unduly time consuming, fluid 
measurement would be preferable providing some 
method of correcting for soakage was available. 

Our volumeter consists of two hypodermic sy- 
ringes mounted on a rack as shown in Figure 1. 
Seeds are placed in cylinder A which is dry at all 
times except when measurements are being made. 
Syringe B, connected to A by surgical tubing, con- 
tains the fluid used for measurement and its plunger 
is kept in place. 

In operation, the connecting tubing is filled with 
fluid by depressing the plunger in Syringe B until 
further pressure would start flooding the calibrated 
cylinder of Syringe A. The meniscus of the fluid at 
this point is just at the top of the capillary tube 
through the nipple of Syringe A. A reading is then 
taken on the B syringe and the plunger depressed 
until the same reading is recorded on A. The vol- 
ume remaining in B, read directly, is that of the 
seeds. It takes less than a minute (in most cases 
only a few seconds) to determine that volume after 
which the fluid is withdrawn from the calibrated 
portion of A (the meniscus was returned to the top 
of the capillary tube) and another reading is made 
on Syringe B. 

Any discrepancy between the first and second 
readings of B is assumed to be caused by soakage. 
These are recorded and subtracted from the esti- 
mated volume of the seeds to give a corrected esti- 
mate of volume. Fluid is often retained by capillary 
attraction between the hairs of hairy seeds or fruits. 
In such cases the uncorrected figure is a better esti- 
mate of actual volume. In all cases some fluid ob- 
viously adheres to the seeds and the walls of the 
syringe, but in practice the amount is not often 
measurable. Some difficulties arose when air bub- 
bles were trapped between seeds, such as grass 
fruits having the lemma and palea attached, but 
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TaBLeE 1.—Companrison OF EsTIMATED VOLUME AND PERCENT COMPOSITION OF VOLUME OF QUAIL Diets Derryep 
BY DIFFERENT METHODS 








EsTIMATED VOLUME (CC.) 


PERCENT Composition 











Kind of Seed 
Fluid No Medium Sand Medium Fluid No Medium Sand Medium 

Croton texensis* 661 1097 787 66.1 62.5 60.4 
Croton glandulosa 87 152 109 8.7 8.7 8.4 
Commelina erecta 73 146 121 7.3 8.3 9.3 
Mentzelia stricta 70 140 140 7.0 8.0 10.7 
Euphorbia hexogona 70 140 84 7.0 8.0 6.4 
Paspalum ciliatifolium 13 26 22 1.3 1.5 1.7 
Leptoloma cognatum 13 22 17 1.3 1.3 1.3 
Amaranthus retroflexus 10 25 20 1.0 1.4 15 
Stillingia sylvatica 3 6 4 0.3 0.3 0.3 
Total 1000 1754 1304 100 100 100 





1 Names cited are as reported by Rowell, C. M. 1957. 
Hemphill County, Texas. Southwest. Nat., 2:155-171. 


this was circumvented by using a small diameter 
glass or metal rod to stir the bubbles out. 
In our work the fluid used was 95 percent ethyl 
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Fic. 1. Arrangement of syringes to make volumeter. 





Summer flora of the Gene Howe Wildlife Management Area, 


alcohol colored with methylene blue to make it 
visible within the syringes. Syringes of small di- 
ameter increased considerably the accuracy of read- 
ings because vertical displacement of the meniscus, 
per seed, was greater. Speed of operation was in- 
creased by using several “A” syringes. 

Table 1 compares estimates of the volumes and 
percent composition of several kinds of seeds found 
in a selected group of quail crops as estimated by 
the three methods of volumetric analysis under con- 
sideration. To make this table, we determined the 
average volume of a single seed of each kind by 
measuring samples (150 seeds, plus or minus) with 
each of the three techniques and divided by the 
total number in the sample. We then multiplied 
these average volumes times the number of each 
kind of seed in the lumped contents of 44 quail 
crops. The crops were collected during December 
and January, 1955-56, on a 350-acre habitat-type 
block, part of the Gene Howe Wildlife Management 
Area belonging to the Texas Game and Fish Com- 
mission in Hemphill County, Texas. Afterward, the 
total volume of seeds as measured by our device 
was corrected to 1,000 cc. to provide an easy base 
for comparison, and all other volumes were deter- 
mined relative to this. 

Apparently, all of the systems gave fairly ade- 
quate measures of percent composition, by volume, 
although there was variation in rankings in some 
cases. Assuming that our wet measure was correct, 
it would seem that no medium was better than the 
sand medium for estimating relative volumes of 
kinds of seeds in this case. 

The non-fluid measures, as would be expected, 
resulted in magnified estimates of total volume. In 
both cases, the errors were large enough to have 
considerable significance when expanded to esti- 
mates of utilization of seeds by birds or of the pres- 
ence of seeds within habitat types. 


Received for publication August 12, 1959. 
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LARVAL PHYSALOPTERA SP. IN THE RICHARDSON’S GROUSE 


G. J. Mitchell and C. H. Bigland 


Fish and Wildlife Division, Department of Lands and Forests, Edmonton, Alberta; Veterinary Services 
Branch, Alberta Department of Agriculture, Edmonton, Alberta 


Thirty-seven immature nematodes of the genus 
Physaloptera were found embedded in the breast 
and thigh musculature of an adult male Richard- 
son’s grouse (Dendragapus obscurus richardsonii, 
Douglas}, collected in the Highwood district of 
southwestern Alberta on September 9, 1958. Each 
white larval nematode (Fig. 1) measured approxi- 
mately 4 mm. long and 0.3 mm. in diameter, and 
was found curled in an orange-colored fluid within 
a flat-topped transparent cyst approximately 5 mm. 
in diameter. 

Examination of the other organs and intestinal 
contents of this and three other Richardson’s grouse 
collected at the same time, failed to reveal any 
other tissue pathology, parasites or parasite ova. 

Hegner, et al. (1938) group the Physaloptera in 
the sub-family Physalopterinae, family Spiruridae, 
order Filarioidea, indicating that they are parasites 
of the digestive tract, generally the stomach of 
reptiles, birds and mammals. They mention that 
the life history of this group generally is unknown, 
but probably involves intermediate stages in insects 
or other hosts. Chandler (1950) reports that nema- 
todes of this genus most frequently live in the 
stomach, intestine and occasionally the liver, bury- 
ing their heads in the mucous membrane and caus- 
ing sores and ulcerations. Wehr (1958) writes, 
“Immature forms of these nematodes and related 
genera have frequently been found encysted within 
the body cavities of birds and mammals, however, 
we know of no previous record of any of these 
larval forms being collected from the breast and 
leg muscles of a bird.” Bendall (1955) studying 
103 specimens of the sooty blue grouse (Dendra- 
gapus obscurus fuliginosus, Ridgway) from Van- 
couver Island, B.C., and Boag (1958), examining 
74 Richardson’s grouse from the Sheep District in 
Alberta, did not find this parasite. 

As far as can be determined, this is the first time 
that the larval form of Physaloptera sp. has been 
reported from the Richardson’s grouse or from the 
musculature of an avian host. 


SUMMARY 


The finding of a larval form of Physaloptera sp. 
encysted in the breast and thigh muscles of a 
Richardson’s grouse is reported from Alberta. 
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Fic. 1. Physaloptera sp. from the musculature of a Rich- 
ardson’s grouse. Magnification 33.5 x. 
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TECHNIQUES FOR DENTAL IMPRESSIONS, RESTRAINING AND EMBEDDING 
MARKERS IN LIVE-TRAPPED DEER 


Raymond D. Barnes and William M. Longhurst 


Field Station Administration, University of California, Hopland Field Station, Hopland, California 


Tootru IMPRESSIONS 


Columbian black-tailed deer (Odocoileus hem- 
ionus columbianus) have been live-trapped for 
various experimental purposes since 1955 at the 
Hopland Field Station of the University of Califor- 
nia. Most of the deer trapped have been tagged, 
belled and released on the station for studies of 
movements and population dynamics. In the past, 
captured deer were aged by visual inspection of the 
molariform teeth with the aid of a jaw spreader, a 
flashlight, and a dental mirror. Since the gape of a 
deer does not extend even to the premolars, this 
method does not allow a very satisfactory evaluation 
of tooth wear and has proven too inaccurate for our 
purposes. At the suggestion of Dr. Carl B. Koford, 
who worked at the station during 1957 and 1958, 
a technique was sought for taking dental impres- 
sions to provide a permanent record which can be 
compared with known-age jaws for more accurate 
aging. Such a technique was developed and has 
been successfully used on 45 deer during 1958 and 
1959. Since recaptures during succeeding years are 
frequent, a series of impressions can be collected 
from individual animals. These series will even- 
tually be used to better define the variability in rate 
of tooth wear with the hope of improving the 
accuracy of aging deer. 

We consider this method to be superior to that 
described by Flyger (1958) since it takes less time, 
requires less equipment and the dental stone cast 
is more durable than the plaster of Paris which 
he used. 


MATERIALS 


The following is a list of tools and materials used: 
Jaw spreader or mouth speculum. 
Dental impression tray (designed especially for 
deer by Dr. Oliver Ferran, D.D.S., of Napa, 
California (Figure 1) ). 
Flexible rubber mortar and spatula. 
Bulb syringe—2- to 4-ounce capacity. 
Dental impression powder. 

. Dental stone. 

With the exception of the first and second items 
these materials are available from dental supply 
houses throughout the country. We are using a 
dental impression powder called Coe Alginate, 
made by the Coe Dental Laboratory, Chicago, 
Illinois. In our experience the differences between 
the various impression powders are negligible, but 
we prefer the quick-setting types which set in 14% 
minutes over the slower 3-minute variety. The jaw 
spreader, a metal device commonly used by live- 
stock ranchers and veterinarians, is available from 
agricultural supply houses such as the National 


ad 
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Agricultural Supply Company of Fort Atkinson, 
Wisconsin. The size designed for hogs or sheep 
(10% inches long and 3% inches wide) is appro. 
priate for deer. 


METHOD 


This procedure has been developed for use at 
the trapsite and can be carried out by one man, 
The trapped deer is subdued manually and then 
restrained by means of the hobbles and bar dis- 
cussed below. The live traps used are similar to 
those described by Clover (1956). No catch net 
or anesthetizing drugs have been found necessary 
in work with deer ranging from fawns to 140-pound 
adult males. 

Once the deer has been restrained, four steps are 
involved in making the dental impression. These 
are: (1) preparation of the mouth; (2) mixing 
the powder with water to make the plastic im- 
pression material; (3) making the impression; and 
(4) making the positive cast from the impression. 
With the jaw spreader in place, the tooth row is 
washed clean of food particles and saliva. The 
impression powder is then mixed according to the 
manufacturer’s directions in the flexible mortar. 
It is often necessary to have warm water in order 
to mix at approximately the recommended tem- 
perature of 68° F. since the setting time of the 
mixed material is greatly affected by temperature. 
The best results are obtained when the impression 
powder is mixed to a consistency slightly heavier 
than that recommended by the manufacturer. The 
loaded tray should be placed over the tooth row 
and then pressed down and held in place very 
firmly for about thirty seconds. It is possible to 
keep the impression in water for several hours, but 
we prefer to make the positive cast at the trapsite. 
The dental stone should be mixed to as stiff a 
consistency as possible and vibrated into place in 
the impression. Vibrating is necessary to remove 
bubbles from the stone. Dentists commonly use 
an electrically driven vibrator but nearly the same 
effect can be obtained by tapping the tray lightly 
against some solid object. The stone will set in 
15 to 30 minutes if not mixed with too much water. 
A small amount of common table salt added to the 
mix will greatly accelerate setting time. If a num- 
ber of deer are to be handled in short order, it is 
advantageous to have several impression trays on 
hand as it is preferable to make the positive cast 
while the impression is still in the tray. Water is 
adequate for cleaning the tools. Data can be re- 
corded on the cast with pen and ink as soon as 
the surface has set, and once it has thoroughly 
dried, the entire cast can be sprayed with a clear 


4 











Fic. 
a sex 
by ro 


shell 
prote 
ble « 
weat 
trap] 
mon 


ing 
Hun 
from 


than 


Fg 





ING 


ria 


inson, 
sheep 
{ppro- 


use at 
man, 
| then 
r dis- 
lar to 
‘h net 
essary 
pound 


pS are 
These 
nixing 
c im- 
1; and 
>ssion. 
OW is 

The 
to the 
ortar. 
order 
tem- 
of the 
ature. 
ession 
eavier 
. The 
1 TOW 
very 
le to 
s, but 
psite. 
tiff a 
ice in 
move 
y use 
same 
ightly 
set in 
vater. 
0 the 
num- 
, it is 
ys on 
> cast 
ter is 
ye re- 
on as 
ughly 
clear 



































Fic. 1. Dental impression tray. Upper drawing shows sheet metal pattern; fold on dotted lines. The brace is cut from 

a separate sheet and placed as shown. Lower drawing shows finished tray. The dam is built up around the tray 

by rolling the cut edges and filling in with solder. The handle is folded flat with the brace in place and soldered 
together to add rigidity and strength. Stainless steel is the preferred material. 


shellac or plastic spray from an aerosol bomb to 
protect it from subsequent moisture damage. Possi- 
ble complications which might result from freezing 
weather have not been worked out as deer are 
trapped at Hopland only during the summer 
months. 

This technique would be equally useful at check- 
ing stations where hunter-killed deer are aged. 
Hunters often object to having the jaw removed 
from their deer and this method would provide a 
permanent record which is much more desirable 
than a brief visual inspection. 


RESTRAINING BAR 


A certain amount of mortality resulting from self- 
inflicted injuries appears to be almost inevitable 
in any deer trapping operation, especially if the 
deer are subdued for weighing and marking. In 
our trapping program at Hopland we have noted 
that a large portion of such injuries have involved 
paralysis of the hind quarters as a result of injuries 
to the lower spinal column. Deer in common with 
other cursorial species, develop their greatest power 
while extending their hind legs and only develop 
moderate power when retracting their legs. Rela- 
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Fic. 2. Restraining bar and leather hobble used with it. 
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tively little force is exerted by the forelegs. Thus 
a device which restrains a deer with its legs fully 
extended prevents it from exercising much force 
in its struggles to escape. The bar, shown in Figure 
2, has been used successfully on over sixty deer 
during the 1959 trapping season and has restrained 
them more effectively, and safely, and for longer 
periods of time than had previously been possible 
using hobbles alone. 

Hobbles made of soft leather straps with harness 
snaps attached are used to fasten the deer to the 
bar. To hobble a deer one of these straps is wound 
tightly three or four times around each pair of 
legs and buckled leaving the harness snaps free. 
Formerly the two snaps were clipped together so 
that the hind legs pulled against the front legs 
when the deer struggled. Violent kicking in this 
doubled up position where the hind legs were de- 
veloping their maximum power was, we believe, 
responsible for most of the spinal injuries. We now 
use the bar to restrain the deer in a fully extended 
position using the harness snaps to fasten the 
hobbled deer to the rings of the bar. 

The restraining bar is made of 1-inch galvanized 
iron pipe with seven 2-inch iron rings brazed solidly 
to it. This 78-inch bar is sufficiently long to accom- 
modate deer weighing 20 to 140 pounds. It is like- 
wise rigid enough to suspend hobbled deer for 
weighing. 

EMBEDDED MARKER 


Deer trapped at the Hopland Field Station have 
been marked for the past five years with 13¢-inch 
round aluminum cattle ear tags as well as with 
ear cuts and painted bells bearing individual de- 


FOODS OF BOBCATS IN 


The bobcat (Lynx rufus) is generally distributed 
over Utah and eastern Nevada. Although it is found 
in the valleys and the mountainous sections, its fa- 
vorite habitat is in the juniper-covered foothills and 
rocky outcrops. Because of its size and relative 
abundance, the bobcat probably has considerable 
influence on the region’s fauna. In connection with 
a deer study the authors became interested in ob- 
taining information on the extent of bobcat preda- 
tion with particular reference to deer. During the 
period from 1950 through 1955, bobcat stomachs, 
scats, and intestinal samples were collected with the 
assistance of hunters of the Branch of Predator and 
Rodent Control and of sportsmen. Although a larger 
sample would provide a better picture of the bob- 
cat’s food habits, our data should add to the pres- 
ent knowledge on the subject. 

We acknowledge the assistance given by the 
hunters who collected bobcat stomachs and intest- 
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signs. The system of marking employed is quite 
similar to that described by Jordan (1958) ang 
has proven to be adequate for purposes of fiel 
identification. However, we have noted that some 
deer lose their tags, and when encountered as Tange 
carcasses or hunter kills, are usually unidentifiable. 
especially if they do not have a bell. We have not 
belled most of the bucks as the bell straps become 
too tight when their necks swell during the mt 
To avoid these lost records, a supplementary mark. 
ing system has been employed using a small plastic 
cylinder approximately 16 x 2 mm. in size bearing 
an etched serial number. This is embedded be. 
neath the skin close to the base of the ear. These 
markers are manufactured by the Wilmark Com. 
pany of Davis, California, and were developed for 
the identification of registered livestock. A small 
applicator tool with a hollow needle is furnished 
by the manufacturer. When implanted at a stand- 
ard position in the ear they can be easily located by 
palpation and if necessary removed for inspection 
by means of a small incision. This method should 
be equally applicable to other big game species 
as well as rabbits and the larger rodents and might 
even be useful for certain birds. 
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inal samples, of whom the following were especially 
helpful: George Rost, Walter Nelson, Wallace | 
Adams, Willis Butolph, Austin Johnson, George 
Nay, and Ray Robinson. Appreciation is also ex 
tended to Charles C. Sperry and Arthur S. Einarsen, 
formerly of the U. S. Fish and Wildlife Service; A. 
Lorin Ward, Bureau of Sport Fisheries and Wild- 
life, U. S. Fish and Wildlife Service; Louisa A. Jen- 3 


x) 


sen and Dr. Robert M. Storm, Oregon State College, ~ 


for assistance in identification of the food items. | 
Many other people assisted in various ways, and to 
them we are very grateful. 


METHODS 


The writers collected material when possible; in 
addition, hunters saved specimens. Supplementary 
information on the animal’s food was obtained from 
field observations and from reliable cooperators. 


Stomach contents were identified and weighed 7 
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Foops oF BoscaTs IN THE West—Gashwiler et all. 


TaBLE 1.—FREQUENCY OF OccuRRENCE AND PERCENTAGE BY WEIGHT OF Foop IN 53 BoscaT STOMACHS 
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OccuRRENCE WEIGHT 
Food Som Frequency Percent Ounces Percent 
Hares and rabbits (Lepus californicus, Sylvilagus 
nuttallii, S. idahoensis), and unidentified rabbit 24 45.2 169.9 48.9 
Mule deer (Odocoileus hemionus ) 16 30.2 102.7 29.6 
Domestic sheep 1 1.9 14.0 4.0 
Porcupine (Erethizon dorsatum ) 2 3.8 10.6 3.1 
Chicken 1 1.9 10.0 2.9 
Deer mouse (Peromyscus sp.) 7 13.2 8.0 2.3 
Wood rat (Neotoma sp.) 2 3.8 6.0 1.7 
Muskrat (Ondatra zibethica) 1 1.9 S5 1.6 
Duck 2 3.8 5.0 1.5 
Vole (Microtus sp.) 3 5.7 4.7 1.3 
Ground squirrel (Citellus sp.) 2 3.8 3.5 1.0 
Bobcat 5 9.4 2.5 0.7 
Kangaroo rat (Dipodomys sp.) 1 1.9 15 0.4 
Saw-whet owl (Cryptoglaux acadia) 1 1.9 1.5 0.4 
Prairie dog (Cynomys leucurus) 1 1.9 0.5 0.2 
Unidentified animal 1 1.9 — nm 
Grass 1 1.9 << ce 
Extraneous material 10 18.9 1.3 0.4 
—_ 347.2 100.4 


Total ae 





(after draining off the surplus fluids) separately 
by species. The stomach content computation was 
based on frequency of occurrence and aggregate 
weight which is similar to the aggregate volume 
method (Martin et al., 1946). Compilation of the 
intestinal and scat samples was by the frequency of 
occurrence method only. 

Most of the stomachs and intestinal samples were 
secured from September to May and particularly 
from December to March. Because of the small 
sample no seasonal breakdown was attempted. The 
scats were a random group and represented all sea- 
sons of the year. 


RESULTS AND DIsCUSSION 


We examined 86 bobcat stomachs, 33 of which 
were empty. Ejighty-one intestinal samples and 


TaBLE 2.—FREQUENCY OF OCCURRENCE OF Foop IN 81 
BoscaT SCATS AND INTESTINAL SAMPLES 











Food item Frequency Percent 
Hares and rabbits 56 69.1 
Mule deer 24 29.6 
Grass 17 21.0 
Wood rat 12 14.8 
Bobcat 10 12.3 
Pocket mouse (Perognathus sp.) 7 8.6 
Vole 6 7.4 
Ground squirrel 4 4.9 
Deer mouse 4 4.9 
Unidentified animal 4 4.9 
Kangaroo rat 2 2.5 
Songbird 2 2.5 
Lizard (Uta stansburiana) 2 2.5 
Domestic sheep 1 1.2 
Extraneous material 51 63.0 





scats were available for analysis. These data are 
summarized in Tables 1 and 2. 

A detailed account of the individual food items 
follows: 

Hares and rabbits —These were the most im- 
portant food items—being found in 45.2 percent of 
the stomachs and forming 48.9 percent of the food 
by weight. They comprised 69.1 percent of the 
food in the scats and intestinal samples. Cotton- 
tails made up the bulk of the food with blacktail 
jackrabbits and pigmy rabbits, from the Nevada 
samples, following in that order. A segment of the 
food was classified only as rabbit; this could have 
also included the whitetail jackrabbit (Lepus town- 
sendii) which ranges over the area being studied. 
Hares and rabbits were common to abundant over 
Utah and eastern Nevada during the period of the 
study. Dearborn (1932) in Michigan, Rollings 
(1945) in Minnesota, Pollack (1951) in New Eng- 
land and New York, Leach and Frazier (1953) in 
California, and Progulske (1955) in Virginia found 
hares and rabbits to be the most important food of 
bobcats. Young (1958), in regard to leporids as a 
group, stated, “They were a major source of bobcat 
food in every section of the United States...” Thus 
the data from Utah and Nevada conform closely 
with that of other sections of the country. 

Mule deer.—Remains of mule deer were found in 
30.2 percent of the stomachs and comprised 29.6 
percent by weight of the total contents. Frequency 
of occurrence was 29.6 percent in the scat and in- 
testinal samples. Deer were abundant in Utah and 
eastern Nevada during the period of the study. 
Many carcasses were left on the range after the 
hunts and winter mortality made still more carcasses 
available for bobcat consumption. Cougars were 
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also common and their depredations on deer must 
have made considerable food available to bobcats 
(Robinette et al., 1959). Hamilton and Hunter 
(1939), Rollings (1945), Pollack (1951), Westfall 
(1956), and others also found deer to be an im- 
portant food item of bobcats. Young (1958) re- 
ported that deer formed 5 percent of the average 
annual bobcat food. 

Although it is thought that much of the bobcat’s 
deer food is carrion, there is ample evidence that 
they also prey on the animals. Young (1928; 1958), 
Dill (1947), and several other writers have pre- 
sented evidence showing that bobcats kill deer. 

Domestic sheep.—Sheep was found in 1.9 per- 
cent of the stomachs and formed 4.0 percent of the 
food. Its frequency of occurrence in the scats and 
intestinal samples was 1.2 percent. Bobcats often 
hunt around lambing grounds or other places where 
sheep are located and prey on the lambs. They ap- 
parently find lambs an easy source of food and make 
repeated visits over a period of time. Such depre- 
dations can be a source of considerable mortality 
to the sheep and a consequent loss to the owner. In 
order to reduce or eliminate the loss it is often nec- 
essary to control the bobcats. Willis Butolph, gov- 
ernment hunter, indicated that bobcats tended to 
kill, at one time, only enough for a meal. 

Porcupine.—Porcupine remains occurred in 3.8 
percent of the bobcat stomachs and comprised 3.1 
percent of the content by weight. No porcupine 
was found in the scat and intestinal samples. Porcu- 
pines were considered to be relatively scarce over 
much of the bobcat’s range in parts of Utah and 
eastern Nevada. Therefore, their presence as a food 
item suggests they are a preferred food. Westfall 
(1956) also found that bobcats apparently prefer 
porcupines. No observations were made on how 
bobcats killed porcupines. 

Chicken.—Remains of chicken were found in 1.9 
percent of the stomachs and formed 2.9 percent of 
the food by weight. No chicken remains were found 
in the scat and intestinal samples. It is not known 
whether the chicken represented prey or carrion. 

Deer mouse.—These animals were present in 13.2 
percent of the stomachs but they only formed 2.3 
percent of the food by weight. Their frequency of 
occurrence was 4.9 percent in the scat and intestinal 
samples. It would take several mice to provide a 
satisfactory meal for a bobcat. 

Miscellaneous foods ——Other mammal foods of 
the bobcat were wood rat, muskrat, vole, ground 
squirrel, kangaroo rat, prairie dog, pocket mouse, 
and bobcat. Most of them were taken in limited 
amounts and formed but a minor part of the diet. 
In California, McLean (1934) considered wood rat 
to be the main food of these animals. 

The presence of bobcat as a food item was of 
particular interest. It was not possible to tell defi- 
nitely whether hair in the scat and intestinal samp- 
les was the result of cannibalism or of fur licking. 
However, some of the stomachs contained parts of 
bobcat in addition to the fur and it was considered 
to be the result of cannibalism. It is impossible to 
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state under what circumstances bobcat was eater, 


One female trapped by Wallace Adams on Mar | 


28, 1952, gave birth to a litter while in the trap ang 
ate them. On February 12, 1952, Cliff Allredge 
rancher near Oak City, related how he trapped ; 


bobcat which was killed and eaten by another hob. | 


cat. This incident occurred in Basin Hollow, Mj. 
lard County, Utah. These were unnatural situations 

Bird food items revealed by this study included 
duck, saw-whet owl, and songbird. Lizards anj 
other unidentified animal material were also foun 
in the stomachs. They formed a small percent o 
the total food and were considered of minor jp. 
portance. 

Grass was found in only one stomach but o¢. 
curred in 21.0 per cent of the scat and intesting| 
samples. The exact role of grass in a bobcai’s diet 
is not known. However, it is taken frequently and 
in sufficient quantity to indicate it is not an acci- 
dental item. 

Bobcats feed from the ground, and thus seed; 
leaves, twigs and other debris often get mixed with 
their food. They also eat ticks, fleas, and warble 
(Cuterebra sp.) which are on their prey. Trapped 


See 


i 


TBR aca Daas acs 


\ ENT Goins : 


Ewe 


animals tend to chew on sticks or ingest anything © 


within reach. These non-food items found in the © 


bobcat stomachs and scat and intestinal samples 


were lumped together in this paper and called extra. | 


neous material. It was found in 18.9 percent of the 
stomachs and comprised 0.4 percent of the contents 


by weight. In the scat and intestinal samples extra. | 


neous material hac a frequency of occurrence of 
63.0 percent. 


SUMMARY 


Stomachs of 53 bobcats and 81 scat and intestinal 
samples secured in Utah and eastern Nevada from 
1950 to 1955 were analyzed for food content. The 
results showed the chief food to be hares and rab- 
bits, deer (much of it probably carrion), domestic 
sheep (one stomach), porcupine, chicken (one 
stomach ), and deer mice. Wood rat, muskrat, vole, 
ground squirrel, kangaroo rat, prairie dog, pocket 
mouse, bobcat, duck, saw-whet owl, songbird, liz- 
ard, and grass were present in the samples. A cor- 
siderable amount of non-food items called extrane- 
ous material was also found. 
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WINTER WEIGHTS OF JUVENILE AND ADULT SWAMP RABBITS 
IN SOUTHEASTERN MISSOURI 


John W. Holten and John E. Toll 


Missouri Cooperative Wildlife Research Unit, Columbia; and Crab Orchard National Wildlife Refuge, 
Carterville, Illinois 


Published data on weights of swamp rabbits 
(Sylvilagus aquaticus) are few. Weights of adults 
versus young in winter have not been published, 
and very small samples have usually precluded 
weight comparisons of males and females. How- 
ever, Lowe (1958) did compare weights of 24 males 
with those of 12 non-pregnant females. There was 
no significant difference in weights: males aver- 
aged 1895 grams (range 1432-2345) and females 
averaged 1951 grams (range 1332-2385). Pre- 
sented here are mean weights of 191 swamp rabbits 
separated by sex as well as age. They were collected 
during three winter hunting seasons on the Missouri 
Conservation Commission’s Duck Creek Wildlife 
Management Area in southeastern Missouri. Rab- 
bit hunting on this area is restricted to the months 
of January and February. The bag check on the area 
is virtually complete, but field dressing by some 
hunters eliminated many rabbits from consideration. 


METHODS AND MATERIALS 


At the check station, swamp rabbits were 
weighed, sexed, and a front paw was clipped from 
each for X-raying to determine age. The appear- 
ance of the distal epiphyses of the radius and ulna 
was found by Petrides (1951) to be a valid cri- 
terion for identification of young cottontails for 
7 or 8 months. Usefulness of this criterion for 
swamp rabbits in January and February is now 
under study, and evidence gathered thus far from 
a few known-age swamp rabbits indicates a possible 
10-11 month period of validity for the criterion. 
Most of the rabbits examined were bagged in the 
first 2 weeks of January. Some early-born young 
of the year may have been classed as adults at this 
time. Apparently there is little breeding before 
late February (Toll, Baskett, and Conaway, in 
press). Therefore, few litters appear before April. 


So an early January sample would mean correct 
classification of the majority of the rabbits. 
RESULTS 

The first rabbit hunting season permitted on 
the Duck Creek area was in 1956. Howard M. 
Wright (pers. comm.) weighed 152 young and 
adult swamp rabbits of both sexes. They aver- 
aged 2043 grams (range 1277-2554). 

In the three succeeding seasons we determined 
the ages of 191 swamp rabbits by using the cri- 
terion of epiphyseal closure. No significant differ- 
ences were found between the weights of adult 
males and non-pregnant females whether collected 
in the same year or in different years. This was 
also true of juveniles. Since no significant differ- 
ences existed among the four weight categories 
from one year to another, the data were pooled 
to give a 3-year average. Here again, there were 
no significant weight differences between adult 
males and females (t = .147; p= <.8), nor be- 
tween juvenile males and females (t = .171; p= 
<.8). This corroborates Lowe’s (1958) findings. 
However, female cottontails have been found by 
several workers (Elder and Sowls, 1942; Bruna, 
1952) to be significantly heavier than males. 


TABLE 1.—WEIGHTS OF SWAMP RABBITS FROM THE Duck 
CrEEK WILDLIFE MANAGEMENT AREA, JANUARY—FEBRUARY 
Huntinc Seasons, 1957-1959 








WEIGHT IN GRAMS 








Age and Sex Number Standard 
Mean Range Deviation 
Adult ¢¢ 44 2235 1816-2554 157.30 
Adult ? ? 35 2161 1646-2668 258.44 
Juvenile ¢¢ 63 2022 1589-2526 190.28 
Juvenile ? 2 49 1954 880-2384 258.44 
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There was a great overlap of juvenile and adult 
weights. Among males, 90 percent of the juveniles 
fell within the weight range of the adults. The 
adult female range of weights included 95 percent 
of the juveniles. Mean weights of adults were some- 
what higher than those of juveniles of both sexes, 
but the differences were not significant (for males, 
t = .517; p = <.6; for females, t = .463; p = <.6). 
Thus by January many young swamp rabbits at- 
tained mature weights while still recognizable as 
juveniles by the criterion of epiphyseal closure. 

Thanks are due to T. S. Baskett, Leader, Missouri 
Cooperative Wildlife Research Unit, and to G. K. 
Brakhage, Howard M. Wight and Frank Collins of 
the Missouri Conservation Commission for advice, 
assistance and use of facilities. 


Toxu, J. E., T. S. BAsKETT, anp C. H. Conaway. 
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STATISTICAL METHODOLOGY IN THE JOURNAL OF WILDLIFE 
MANAGEMENT, VOLUMES 1-10! 


Vincent Schultz 


Agricultural Experiment Station, University of Maryland, College Park, Maryland 


The following listing, similar to the one prepared 
for the Ten-Year Index for THE JouRNAL oF WiLp- 
LIFE MANAGEMENT, Volumes 11-20, completes the 
statistical indexing of the first 20 volumes. In- 
creased use of statistical methodology in wildlife 
research in the latter half of the 20-year period is 
indicated by 87 items indexed for Volumes 1-10 
and 324 items for Volumes 11-20. 


Statistical methodology; arithmetic log paper, 2:215 
biases, 2:119 
confidence limits, 4:220, 267; 8:22; 10:10 
descriptive statistics, coefficient of variation, 2:17 
correlation coefficient, 5:216; 7:18; 8:22 
median, 3:283; 9:217 
moving average, 3:243 
multiple and partial regression coefficient, 8:22 
standard deviation, 2:17, 94; 3:307; 4:149, 
220, 267; 5:182; 6:1, 19, 185; 7:322; 8:22, 
211; 9:56, 195; 10:77, 93, 162 
standard error, 4:149; 5:182, 216, 398; 7:92 
variance, 10:162 
weighted average, 2:20 





1 Scientific Article No. A 788. Contribution No. 
of the Maryland Agricultural Experiment Station. 
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distributions, binomial, 10:162 
normal, 8:22; 10:162 
probability, 3:283; 6:203 
random sampling error, 4:220 
regressions, simple linear, 7:322, 353; 8:22 
sample, simple random, 3:283 
significance tests, analysis of covariance, 8:284 
analysis of variance, l-way classification, 4: 
347; 8:284 
2-way classification, 6:203; 10:162 
3-way classification, 7:18 
Ist order interaction, 6:203; 10:162 
2nd order interaction, 7:18 
chi-square, 10:242, 249 
Fisher’s z, 8:22, 165, 218 
miscellaneous and type not specified, 3:307; 
4:149, 162; 5:182; 6:19, 203; 7:18, 77, 170, 
322, 383, 418; 8:56, 134, 211; 9:9, 232; 
10:242 
t, 6:185, 203; 10:93 
transformations, arc-sine, 10:162 
logarithms, 8:22 
square root, 7:18 
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BOOK REVIEWS 


The Ecology of Invasions by Animals and Plants. 
By Charles S. Elton. John Wiley and Sons Inc., 
New York. 1959. 181pp., 50 plates, 51 text 
figures. $5.25. 


This little book of 181 pages has a terrifically 
urgent message for mankind and especially for 
those of us who are busy altering the face of the 
earth by drastically changing the plant composition 
and animal life of forest, field, stream, and oceans. 

The author, Professor Charles Elton, of Oxford 
University, has apparently been laying the ground- 
work for this book for many years. His mastery of 
the literature of animal and plant invasion is superb. 
And his concluding chapters on conservation, with 
new definitions and connotations for this much 
abused term, spell out, I believe, one road to sur- 
vival for man through sane coexistence with the 
plants and animals he is trying so frequently to 
manipulate and eradicate. 

The book opens with a chapter called “The In- 
vaders.” A brief account with excellent distribution 
maps traces the history of seven world-famous 
invaders, shows the havoc they have caused, the 
good that some of them have done, the cost to man, 
and the influence on native communities which they 
have permeated. 

The seven invaders discussed are the African 
malarial mosquito, the Chinese chestnut blight, the 
starling, the muskrat, a hybrid cord grass (Spartina 
townsendii), the sea lamprey, and the Chinese 
mitten crab. 

The recent distribution of these seven invaders 
serves as a backdrop for a discussion in chapter two 
of the breakdown of Wallace’s Realms—those 
great faunal and floral regions of the world first 
delimited about a century ago. In fact much of 
this book is about the artificially induced eruptions 
of animals and plants from their native realms to 
new homes all over the world, and the effects these 
invaders are having on native faunas and floras. 

The book is divided into two parts. The first 
part, five chapters covering 108 pages, contains 
detailed accounts of the “invaders” and their in- 
filtrations of the continents, of the remote islands 
of the seas, and of the seas themselves. 

A group of four short chapters, “The Balance 
Between Populations,” “New Food-Chains for Old,” 
“The Reasons for Conservation,” and “The Con- 
servation of Variety,” offer a new and stimulating 
approach to the concept of conservation and the 
ecological revolution occurring in the world today 
where so many physical, physiological, and eco- 
logical barriers are being broken down by the speed 
and complexity of our civilization. These chapters 
are concerned, too, with the need for knowledge to 
better understand the balance between populations 
and the kind of habitat patterns and interspersions 


that can promote such a balance and soften the 
destructive power of eruptions and new invasions. 

For several thousand years man has been spread- 
ing plants and animals as well as himself around 
the continental land masses. More recently, and 
especially in the last 500 years, this voluntary and 
sometimes involuntary distribution of plants, ani- 
mals and their parasites has been between conti- 
nents, the islands, and the oceans. This is especially 
true of plants intentionally brought as crops, forage, 
or for ornamental purposes. And many times with 
the plants, which themselves may have become 
pests, have come insects which have completely 
upset the balance of native ecosystems, at least for 
a time. The chapter on invasion of the continents 
is concerned with such insects as the Japanese 
beetle, the camphor scale, the Hessian fly, the 
Argentine ant, the cottony cushion scale, the Colo- 
rado potato beetle, the pink bollworm, and the 
European spruce budworm. 

Cultivated land or lands much modified by man 
are most seriously invaded and by many species. 
Woodlands and forest with rather rich faunas and 
floras seem to be less easily invaded. But here too, 
perhaps because of fires, lumbering, and drainage, 
inroads have been made by the several kinds of 
larch sawflies and spruce budworms. 

Most of the insects have been introduced acci- 
dentally despite quarantines. Of more than 200 
mammals introduced into many countries, only 
about a dozen have been really successful. For 
birds the number of really successful introductions 
is still smaller, only four—house sparrow, starling, 
Hungarian partridge, and pheasant. 

Fresh-water fishes have been introduced pri- 
marily for food and control of malarial mosquitos. 
As the author points out, good maps showing the 
spread of introduced fish are available only for 
the Pacific salmon and Gambusia affinis. This 
mosquito-eating fish of southeastern United States 
is said to be the most widely distributed fresh-water 
fish in the world. The European carp, Cyprinus 
carpio, is not mentioned in the book as an invader. 
Surely this species is worthy of a detailed study 
which would bring together the facts on its intro- 
duction, its distribution, its rate of spread, and its 
effect on the habitat. 

Chapter four contains an account of the invasions 
of some of the oceanic islands including Easter 
Island, Tristan da Cunha, the Hawaiian Islands, 
and the larger continent-like New Zealand. The 
number of plants and animals native to small remote 
islands of the oceans is very small indeed. Although 
invasion of these islands has been slow, man in his 
comings and goings has introduced nearly as many 
species as the native faunas and floras originally 
included. 


The Hawaiian Islands originally had a marvel- 
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ously varied endemic fauna and flora consisting, it is 
thought, of about 1,729 species and varieties of 
flowering plants, 3,722 of insects, 509 of land snails, 
77 of birds (of which 43 species and subspecies 
belong to a single family, the Drepaniidae), and 1 
small species of bat. The dog, hog, and rat are 
thought to have been introduced anciently by the 
Hawaiians. Due to natural invasions and introduc- 
tions by man the native fauna has suffered severely. 
Many species of land snails and birds have become 
rare or extinct. 

New Zealand presents a unique case in that there 
were no native mammals except bats when the 
Maoris arrived in the 14th century, bringing with 
them the Polynesian rat and the Polynesian dog. 
This situation was soon remedied, and many mam- 
mals, birds and plants were introduced after the 
voyages of Captain Cook, but particularly after 
1840. No ecologist was there to advise, but even 
if he had been, the problems and destruction caused 
by introductions could hardly have been foretold. 
In 1951 Wadzicki published an ecological mono- 
graph on 29 species of introduced mammals which 
had established themselves in a wild state. Most 
of them had become “problem animals.” 

The oceans themselves, in contrast to land and 
fresh water, seem almost inviolate. Yet here too in 
the last 100 years, as Professor Elton so ably re- 
counts, big changes have been taking place as a 
result of human actions. For example, the Atlantic 
tarpon is making its way into the Pacific Ocean via 
the Panama Canal and has been reported as far as 
the Pacific sea level terminus. The 40-mile-long 
stretch of fresh water, including Gatun Lake, effec- 
tively slows down the movements of emigrating fish; 
it is only fish such as gobies which can live in brack- 
ish and fresh water that have penetrated the canal 
some distance. 

In the Suez Canal the 14-mile-long Great Bitter 
Lake near the middle of the canal has slowed down 
emigration, but not nearly as effectively as Gatun 
Lake in the Panama Canal. Two crabs, a lobster, 
and the Red Sea pearl oyster have moved from the 
Red Sea into the Mediterranean. 

Ships, either in water ballast tanks or on their 
hulls, are responsible for transporting a number of 
marine species to distant parts of the world where 
they have become established. In this way the 
Chinese mitten crab came to Europe, the diatom, 
Biddulphia sinensis, from the Indo-Pacific to the 
North Sea, the red alga, Asparagopsis armata, to 
western Europe, the barnacle, Elminius modestrus, 
from Australia to England, the barnacle, Balanus 
eburneus, from eastern North America to the Medi- 
terranean and Britain. 

Oyster culture and transplanting of oysters have 
resulted in the establishment of the slipper limpet, 
Crepidula fornicata, in western Europe and on the 
Pacific coast, where it competes for space with 
native oysters. Its original home is the east coast 
of North America. A truly successful invader is 
the American oyster drill, Urosalpinx cinerea, which 
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has invaded English coastal waters and also the 
Pacific coasts of the United States. It lives on young 
oysters and other animals. 

In concluding the chapter on “Changes in the 
Sea,” a fine summary is given of salmon-planting 
activities of the U.S. Bureau of Fisheries from 187) 
until 1930, when over 100 million eggs of Pacific 
salmon were sent to many countries. Sea-to-riyer 
runs of salmon actually became established in Chile 
New Zealand, Maine, New Brunswick and Ontario, 

“The Balance Between Populations” opens the 
short second part of the book. Here the author ep. 
larges upon some of the invaders described jp 
earlier chapters. He points out that relatively few 
species are successful invaders; that many invasions 
never materialize; and that others fail quite soon 
or even after many years. They fail because they 
meet resistance “whether by man or by nature or 
by man mobilizing nature in his support.” Impor. 
tant requirements are a “fundamental knowledge 
about the balance between populations, and the 
kind of habitat patterns and interspersions that are 
likely to promote an even balance and damp 
down the explosive power of outbreaks and new 
invasions.” 

Quarantine, eradication, and control are tools 
that can be used in resistance movements. Exam- 
ples are given of how these tools have been used 
against some invaders. Against other invaders they 
have failed completely, yet a natural and unex- 
plained control sometimes comes about through 
“something” in the environment. This happened 
to the introduced Canadian water weed, Elodea 
canadensis, which spread throughout English water- 
ways, became an uncontrolled nuisance, and then 
after 20 years of profusion, subsided into a moder- 
ate permanent occupant of many waters. 

Man, in trying to shorten food-chains for himself 
and his domestic animals by raising mono-crops 
such as cotton in the south or corn in the midwest, 
has greatly upset the balance of nature and at the 
same time taken on a host of problems. This is 
most provocatively presented in the chapter “New 
Food-Chains for Old.” A few quotations from 
this and the two concluding chapters should make 
readers of this review want to read the entire book. 

“But with land in cultivation . . . the earnest 
desire of man has been to shorten food-chains, 
reduce their number, and substitute new ones for 
old. We want plants without other herbivorous 
animals than ourselves eating them. Or herbivorous 
animals without other carnivorous animals sharing 
them. Only in the sea do we still depend on nearly 
full food-chains to supply our wants. . . .” 

“The use of living species to capture energy and 
make special substances for us is still the central 
industry in the world, because we still cannot make 
synthetic food at any reasonable cost.” 

“With this equipment [chlorinated hydrocarbons 
and organophosphates] to destroy parasitic fungi 
and herbivorous insects, and competing weeds, the 
applied biologist seeks to bypass all the irritating 
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Book REvIEws 


and complex interactions of natural populations, in 
fact simply sweep away natural food-chains al- 
together, leaving only the crop plants to give an 
ordered and useful appearance to the landscape. 

“There are . . . fortunately for the future of the 
world’s flora and fauna and for man’s intelligent 
appreciation of the world his descendants will live 
in, two phenomena that work against the complete 
success of this chemical warfare . . . development 
of ‘resistant strains, and... compensatory reactions 
in ecological communities.” 

“We cannot expect to throw a barrage of selective 
poisons on to even a fairly simplified ecological 
system without getting a number of unforeseen 
effects—effects that should be studied and fore- 
seen before the barrage is laid down at all.” 

There are probably over a million species of ani- 
mals in the world besides man. All are striving to 
live and to reproduce. What happens to some of 
these animals depends on man, and certainly man 
is dependent on many of them for his ways of life 
and his very culture. Man’s sane coexistence with 
these animals hinges on his attitudes toward them. 
He may believe, as Professor Elton so well illus- 
trates, that they should not be prosecuted or made 
extinct. This is a religious attitude and one held 
by millions of people in many parts of the world. 
He may believe that animals are for his pleasure 
and enjoyment—the aesthetic and _ recreational 
attitude. Or he may have only the practical attitude 
—land, food, fiber, water, disease, and self. This 
third attitude, according to Professor Elton, “seems 
to hang over the whole world so threateningly as 
rather to take the light out of the other two. The 
reason behind this, the worm in the heart of the 
rose, is quite simply the human population prob- 
lem. The human race has been increasing like voles 
or giant snails, and we have been introducing too 
many of ourselves into the wrong places.” 

But the conflict between these attitudes can be 
resolved, Professor Elton believes, because “con- 
serving the variety of nature on all three grounds 

. is a right relation between man and living 
things, because it gives opportunities for, richer 
experience, and because it tends to promote eco- 
logical stability—ecological resistance to invaders 


and to explosions in native populations.” 


The concluding portion of this chapter on “The 
Reasons for Conservation” emphasizes again and 
again that the “balance of relatively simple com- 
munities . . . is more easily upset than that of 
richer ones .. . .” and that invasion and outbreaks 
occur most often on cultivated land and in habitats 
much simplified by man. In tropical rain forests, 
for example, which are very rich in species, there 
always seem to be enough enemies and parasites 
to keep any species from taking over the community. 

It seems inevitable that great changes will con- 
tinue to take place in communities all over the 
world because of the continuing activities of man. 
Animal and plant invaders will continue to arrive 
from all parts of the world and even the more 
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stable and mature communities of ocean and mature 
forests will change because of these invasions. 

Professor Elton believes that with the wilderness 
in retreat we must learn how to introduce some of 
its stability into the landscape from which come 
our natural resources. In this light he states “that 
conservation should mean the keeping or putting in 
the landscape of the greatest possible ecological 
variety—in the world, in every continent or island, 
and so far as practicable in every district. And 
provided the native species have their place, I see 
no reason why the reconstitution of communities 
to make them rich and interesting and stable should 
not include a careful selection of exotic forms, es- 
pecially as many of these are in any case going to 
arrive in due course and occupy some niche.” 

As an example of such a reconstituted community 
he cites the 190,000 miles of roadside hedges and 
verges of England as a fine example of the con- 
servation of variety and the maintenance of rich 
and stable communities. 

In conclusion, significant features of The Ecology 
of Invasions are the truly artistic and instructive 
halftones which illustrate the book and the abun- 
dance of figures, mostly maps, which bring together 
distributional data on invaders not readily avail- 
able elsewhere.—ARNOLD B. Erickson, Minnesota 
Division of Game and Fish, St. Paul, Minnesota. 


The Mammals of North America. E. Raymond Hall 
and Keith R. Kelson. Ronald Press Company, 
New York. 1959. 2 vols., 1083pp., 553 figs., 500 
maps. Price $35.00. 


The scope of this work includes all the species 
and subspecies of mammals found in North Amer- 
ica and adjacent waters from Greenland to Panama, 
the Greater Antilles and the Lesser Antilles, south 
to and including Grenada. The taxonomic limits of 
groups above the species reflect the authors’ per- 
sonal judgment, but for specific versus subspecific 
status, they have accepted the last-published 
opinion based on the study of specimens. The 
number of species recognized is 1,003 and the total 
number of species and subspecies is 3,679. The 
authors guess that the actual number of recent 
species in the area covered is about 800, since many 
of those currently recognized will eventually be re- 
duced to subspecific rank. 

There are keys to all species and higher taxa, 
but for the identification of subspecies the reader 
is referred to original sources. Volume 1, which 
includes the marsupials through the Heteromyidae, 
begins with an 8-page discussion of zoogeography. 
Volume 2 covers the Castoridae through the 
Bovidae. 

For taxa above the subspecies there is usually 
a brief description of distinctive characteristics and 
the range, but not the mean, of standard measure- 
ments including length, tail, hind foot, and con- 
dylobasal length of skull. In some cases additional 
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measurements are given. Following this are brief 
notes on color and often some remarks concerning 
ecological distribution and information on gesta- 
tion period and number of young. 

Illustrations include black-and-white sketches of 
many species and for most, there are three views 
of the skull. The desirability of illustrating skulls 
of all species, however closely related, is question- 
able since many cannot be distinguished by such 
means; besides, different illustrative techniques in 
the present work often make skulls of similar species 
appear deceptively unlike. 

Each subspecies is given separate treatment, with 
one to several references to critical literature. A 
section on “marginal records” outlines the geo- 
graphic range which is also shown on the distribu- 
tion map. 

The work ends with a 12-page section on field 
collecting and preparing specimens, a 30-page list 
of literature cited, and a short list of new names 
and range extensions. There are separate indices to 
vernacular and technical names. 

This imposing set of volumes is probably the most 
elaborate ever published on the mammals of North 
America. Although this work will be of greatest 
interest to students of subspeciation, there is much 
useful information for the zoogeographer and gen- 
eral mammalogist. It seems to this reviewer, how- 
ever, that an inordinately large amount of space is 
devoted to the almost interminable accounts of 
subspecies. To give a few examples, there are 35 
for the pica (Ochotona princeps), 24 for the 
cottontail (Sylvilagus floridanus), 25 for the red 
squirrel (Tamiasciurus hudsonicus), 24 for the 
flying squirrel (Glaucomys sabrinus), 214 for the 
pocket gopher (Thomomys umbrinus—including 
bottae), 66 for the pocket gopher (Thomomys 
talpoides ), and 37 for the kangaroo rat ( Dipodomys 
ordii). It is readily apparent that many groups of 
North American mammals are urgently in need 
of revision and it seems likely that a hard look at 
these numerous subspecies by younger mammal- 
ogists without any vested interest in the names 
involved, will result in relegating many to syn- 
onomy, thus adding, perhaps, to the general esteem 
for those remaining. 

This important work will long be a landmark 
in American mammalogy, and although a limited 
number of individuals will be willing to invest the 
price involved, few institutions or libraries can 
afford to be without a set—Grorce E. Hupson, 
Department of Zoology, Washington State Univer- 
sity, Pullman, Washington. 





Quantitative Plant Ecology. By P. Greig-Smith. 
Academic Press, New York, and Butterworths 
Scientific Publications, London. 1957. ix+ 
198pp. $6.00. 


Vegetation is an obstinate and refractory phe- 
nomenon, quite uncooperating in our study of it. 
It is a phenomenon on the sociological level; and 
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yet we come to it equipped only with the concepts 
and methods of the floristic and subsociological 
level. The result is not satisfactory. “There jg at 
the present time a growing awareness among egy). 
ogists of the need to place their science on a more 
exact basis.” And thus we are eagerly grasping the 
quantitative methods of statistics. It will be inter. 
esting to see in coming years whether the methods 
are modified for the phenomenon, or the phe. 
nomenon is modified by the methods. 

Quantitative Plant Ecology is more than an ex. 
pression of its author and his views. It is an expres. 
sion of the times, of the tenor of present-day plant 
ecology. It reflects the influences and pressures op 
that science by the rest of biology and the physical 
sciences, by the entire academic world, and even 
by our total society and culture. In all these respects 
the volume is an interesting miniature of a cop. 
temporary conventional wisdom, as applied to the 
relatively small field of plant ecology. Since plant 
ecology is the science concerned with the botanical 
component of wildlife habitat, this book is of great 
importance to many zoologists. 

In 1951 I published a commentary on what were 
then the four leading American textbooks of plant 
ecology, and predicted that when the curtains 
opened again, it would be on the action of new 
concepts and data. In the short time of 8 years 
the curtains have opened and closed, and are open- 
ing again. In the intervening years Americans have 
seen an act of five textbooks, all on the bioecologic 
philosophy. This philosophy (that it is not the 
plant community which is the fundamental unit, 
but the bio- or plant-and-animal-community ) is un- 
derstandably dear to the hearts of field zoologists, 
and will probably always be so. The rooted plants 
supply an element of spatial stability sorely needed 
by the scientist whose animals too often fly and 
run and burrow with unpredictable and antiscien- 
tific perversity. Furthermore, this philosophy is 
easily rationalized and made to sound dignified 
(even though opposing philosophies are equally 
rationalizable). The first four of these books 
(Clarke, Dice, Odum, and Woodbury ) are excellent 
zoologic approaches to the subject that have made 


relatively little impress on plant ecologists. The | 


fifth, similarly but oppositely, is a botanical ap- 
proach by a botanist, and its bio-title and professed 
bio-philosophy appear to be more a post hoc effect 
of the times than any integrated approach of its 


author. These comments are not to be construed [7 
as adverse criticism. There is generally a personality f 
difference between the zoologist and the botanist, 7 


i 
i 
{ 
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so fundamental that regardless of what “nature” 


may or may not be, a truly amalgamated integrated 
bio-eculogy has not yet developed. The curtains 
possibly have closed on this bio-logical act. Now § 


Grieg-Smith has produced what may prove to be 
the prologue to a whole new play. 
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Four aspects of this worthy volume will b 
briefly discussed in four separate paragraphs below: 7 
its editorial format; what it is and what it covers; @ 
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what it may be presumed to be by the hasty reader; 
and its role —- the scientific tenor of our 
society and culture. 

“i are seven chapters in the book, and no 
further subdivisions! Each chapter is printed with 
the continuity of fiction, with no summary. With 
present pedagogic sophistication in regard to the 
values of visible organization of printed material, 
it is difficult to understand how both author and 
editors either overlooked these techniques, or else 
were indifferent to the problems of the reader; he 
has to wander along, paragraph after paragraph, 
with endless annoyance when he wishes to turn 
back, evaluate relatively, summarize, or relocate 
a reference. 

Grieg-Smith’s volume in the first place concerns 
plant “ecology” at the vegetation or plant-com- 
munity level. It does not deal with the ecology of 
individual species. In the second place, of the 
various recognized subdivisions of vegetation sci- 
ence (the floristic composition, the morphology, 
the functions and processes, the relations to environ- 
ment or ecology, the geography, the history, and 
the taxonomy), this volume deals almost entirely 
with the second, that is, the non-random clumped 
form and structure of plant-communities here called 
“pattern.” Within this form and structure, it deals 
only with the “observational” study of vegetation. 
There is an odd and curious blind spot for the 
entire experimental approach to vegetation. Chap- 
ter 5 branches out into correlations with environ- 
mental factors, mainly those of soil, although 
meteorological data are featured in one of the 
appendices. Other aspects of vegetation study are 
not within the scope of the volume. Within this 
limited framework, Greig-Smith surveys and dis- 
cusses the mathematical and statistical procedures 
that are being increasingly used by researchers. At 
least an undergraduate course in statistics or bio- 
metric methods is assumed. In this field, where 
the mathematician and the biologist often meet 
like ideological adversaries at a round table, ineffec- 
tively proffering and receiving ideas, there is no 
pleasing everyone. There are times when one may 
think the author goes into excessive detail on’ simple 
derivations; there are times when I believe he would 
lose a biologist of good mathematical background. 
(Or are biologists expected often to be lost?) On 
one matter, he deserves highest commendation. Re- 
peatedly through the book, especially in the preface, 
the first two chapters, and the last chapter, the 
author shows that he is well aware of the limitations 
of the statistical approach, that there is an unavoid- 
able subjective element in the procedures, and that 
these methods can be overused, and used unwisely, 
so that data are collected and manipulated only for 
the simple satisfaction of collectors and manip- 
ulators. Within the various chapters the author 
describes, often case history by case history, various 
methods and techniques of sampling and of an- 
alyses. This is not a “how to do it” book in which 
a single overall set of procedures is recommended, 
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or a book of judgments and values where each case 
history is given a rating or standing. Rather, we 
are introduced to large numbers of methods and 
procedures, and are allowed to take our choice. 
The chapter “The Quantitative Approach to Plant 
Ecology” is considered speculative by its author 
and placed last. With advantage, it might be read 
first, for in a sense it sets the stage and places the 
quantitative procedures in their due position as one 
aspect of a larger theoretical framework. That 
theoretical framework in this instance is relatively 
conventional, cautiously non-dogmatic, aiming to 
see all sides and thus favoring no side, and outside 
the scope of this review. 

I am reasonably certain that Quantitative Plant 
Ecology will be hailed by the ecologist and non- 
ecologist as a “coming of age,” an “arriving” of a 
slow-to-mature adolescent. As such, it will be the 
sad victim of some well-intentioned but unscientific 
wishful thinking. The first sentence of the preface 
reads, “Change from a qualitative to a quantitative 
approach is characteristic of the development of 
any branch of science.” We have it! The outmoded 
descriptive, qualitative subjective speculations of 
the oldtimers can now be relegated to limbo. In 
their place we have a new exact’ mathematical and 
statistical “real” science. Lest we forget, Disraeli, 
and I am sure many before him, defined three 
degrees of untruthfulness: lies, damned lies, and 
statistics. I am sure Grieg-Smith would be the first 
to declare that his book is not a survey of the entire 
field of vegetation science, that it is not to be used 
as a primary text in courses, that he adds precise 
refinements only to certain descriptive aspects of 
the science. The book does not cover any of the 
experimental phases of the science, with their own 
quantitative methodologies. The author is well 
aware that the high cost in money and man-hours 
of these methods may not be justifiable, and writes 
“It is essential to keep a sense of perspective and 
to consider whether the time consumed by the use 
of quantitative instead of qualitative methods will 
give a commensurate increase in the value of the 
results obtained.” And finally, those who emo- 
tionally seek an “exact” science on a par with 
chemistry and physics would do well to read (pp. 
v—vi) that in the physical sciences one can generally 
isolate one variable at a time for study, whereas in 
biology and even more in vegetation science, this 
is rarely possible. In the physical sciences differ- 
ences among replicate measurements are generally 
attributable to deficiences of technique; in biology 
differences are to a great extent due to fluctuations 
in variables assumed to be constant. Thus in the 
physical sciences differences result in improved 
techniques; in biology differences are interpreted 
by probability theory in terms of chance. This is 
a fundamental and paradoxical difference in meth- 
odologic philosophy, worsened by the assumption 
of homogeneity for the sampled vegetation (a 
speculative judgment at best, and possibly not even 
a basic characteristic of vegetation). 
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To place this volume in the proper context of 
our western society, I recommend reading the three 
chapters in W. H. Whyte’s The Organization Man 
on “The Organization Scientist.” I am not sure that 
ecologists, believing themselves to be on the road 
to truth and reality, always realize the extent to 
which they are persuaded, manipulated, and influ- 
enced to reflect the times. Atomic bombs and 
space exploration have given tremendous impetus 
to physics and chemistry, and their techniques and 
methodologies. The plant physiologist is striving 
to become, and often thinks his field has become, 
an exact science. Plant physiology laboratories not 
only look like those of the physical scientists with 
equipment and gadgets, but have been at times 
removed from botany buildings and lodged in new 
physics buildings. In turn these men exert pres- 
sure On new appointments to ecology positions, and 
on the research of ecologists. The new quantitative 
methodologies can use vast sums of money to ac- 
cumulate vast quantities of data, to employ many 
assistants operating as smooth teams and well-oiled 
committees. Thus the field is attracting more 
workers who are little more than technicians, blind- 
ly following methods and not capable of acting 
independently when the method does not fit the 
problem. The dissident, iconoclastic, creative, 
lone worker is out of favor. The oldsters will 
further the trend, for prizes, awards, and pro- 
fessional advancement will go to those who lard 
their research with the greatest amount of “exact 
data.” It is difficult to estimate what intelligence, 
originality, judgment, and scientific advance may 
or may not lie under this flood of impressive quan- 
titativeness. These statements are not meant as 
adverse criticism, but as impartial statements of 
the times. No one is questioning whether Vegeta- 
tion Science can be an exact science in the sense 
that physics and chemistry are, and that much 
of geology and physiography are not and have not 
been. No one is questioning the fundamental na- 
ture of vegetation itself, and thus the basic philos- 
ophy on which the science stands or falls. No one 
is questioning whether ten thousand dollars and 
one thousand man-hours can be better expended 
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reconnoitering ten mountains, or setting up ten ple 
at one station on one mountain. We stand in danger 
of losing both the method and the scientist of 4 
kind who can go into an area for a day, a week, op 
a month, and come back with an interpretation and. 
comprehension of vegetation, even if he does pop 
have voluminous data to “prove” his points. Cg 
temporary methodologies are far more powe; 
tools than we have ever had before, and I warmly: 
recommend their use. But a methodology is only 
a fish net, to catch the poor fish for which it ig 
designed, and nothing else. It appeals to the smalf. 
mind, which can only apply a method and gather” 
data. What our universities and societies should 
still encourage are men such as the Princes of 
Serendip, who were willing to go off on a wilde 
goose chase, with fair promise of bagging all sory 
of beasts and creatures new to science. If choose 
I must between extremes, I would sooner trust a" 
mind without a method, than a method without! 
a mind.—F RANK E. Ec.Ler, Aton Forest, Norfol 
Connecticut. ! 
Handbook of Computations for Biological Statisticg® 
of Fish Populations. By W. E. Ricker. Bulletin: 
No. 119. Fisheries Research Board of Canada, 
Ottawa. 300pp. $5.00. 


This publication is an outgrowth of the authors) 
1948 work Methods of Estimating Vital Statistics) 
of Fish Populations and includes most of the 
terial published there. The addition of many recer 
techniques and appropriate illustrative examples 
results in a three-fold increase in size over th 
original. It is unfortunate that a more detailed) 
derivation of instantaneous rates is not presented,” 
since this concept must be thoroughly grasped b 
the beginning student before he can profit fully 
from what is to follow. Nevertheless, the volume 
a whole represents an extremely valuable contribue! 
tion to the fisheries field, and it will unquestionably 
serve as an aid to investigators interested in thes 
population dynamics of other organisms.—Ric 
A. Parker, Washington State University, Pullman) 
Washington. 
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